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PURPOSE. 
Department o f  Energy (DOE) and DOE contractors wi th respect t o  protect ion o f  
members o f  the publ ic and the environment against undue r i s k  f r o m  rad iat ion.  

SUPERSESS I ON. DOE 5480.1 A,  ENV I RONMENTAL PROTECT I ON, SAFETY, AND HEALTH 
PROGRAM FOR DOE OPERATIONS, o f  8-13-81, Chapter X I  t h a t  addressed pub1 i c  and 
env i ronmenta I rad i a t  i on protect  i on standards and contro I pract  i ces. 

SCOPE. 
contractors performing work f o r  the Department as provided by law and/or 
contract and as i mp I emented by the appropriate contract  i ng o f f i c e r .  

I MPLEMENT I NG PROCEDURES AND REQU I REM Th i s Order becomes ef fect ive 
5-8-90. Within 2 months from the da:2T2f issuance o f  the Order (2-8-90), 
the DOE Field O f f  ice Manager shal I provide t o  the appropriate Program O f f  ice, 
w i t h  a copy t o  EH-1 f o r  review and comment: a .  a c e r t i f i c a t i o n  for. those 
areas covered by the Order f o r  which f i e l d  elements are i n  compl iance; and/or 
b .  a request f o r  exemption f o r  areas not yet i n  compl iance t h a t  includes a 
Plan f o r  achievin corn I iance. Within 3 months o f  issuance, the appropriate 
Program Off ice wi 9 g  I su m i t  t o  EH-1 the ce r t i f i ca t i on  and/or the request f o r  
exemption (s) . 
include schedules o f  a c t i v i t i e s  which wi I I lead t o  compl iance with the 
requ i rements o f  t h  i s Order. 

To estab I i sh standards and requ i rements f o r  operations o f ,  the 

The provisions o f  t h i s  Order apply t o  a l  I Departmental Elements and 

The comp I i ance p I an accompany i ng the request f o r  exemption sha I I 

POLICY. I t  i s  the pol icy  o f  DOE t o  implement legal l y  appl icable rad iat ion 
protect ion standards and t o  consider and adopt, as appropriate, 
recommendat i ons by author i t a t  i ve organ i zat  i ons, e .  g . , the Nat i ona I Counc i I on 
Rad i a t  i on Protect i on and Measurements (NCRP) and the I nternat i ona I Comm i ss i on 
on Radiological Protection (ICRP) . I t  i s  a lso the pol i c  o f  DOE t o  adopt and 
imDlement standards aeneral lv consistent w i th  those o f  t x e Nuclear Requlatory 

Commission (NRC) fordDOE fac; I i t i e s  and a c t i v i t  
authority . 

OBJECT I VES . 

es not subject t o  I icensing - 

ve t o  operate i t s  f ac i  I i t i e s  a.  Protectinq the Public. I t  i s  DOE'S object  
and conduct i t s  a c t i v i t i e s  so t h a t  rad iat ion exposures t o  members o f  the 
pub1 i c  are maintained w i th in  the I imi ts establ ished i n  t h i s  Order and t o  
contro I rad i oact i ve contam i nation through the management of rea I and' 
personal property. 
t o  members of the pub1 i c  be as f a r  below the I i m i  t s  as i s  reasonably 
ach i evab I e (ALARA) and t h a t  DOE fac i I i t  i es have the capab i I i t  i es, con- 
s i s t e n t  w i th  the types o f  operations conducted, t o  monitor rout ine and 
non-routine releases and t o  assess doses t o  members of the pub1 i c .  

I t  i s  also a DOE object ive t h a t  potent ia l  exposures 
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b .  r o t e c t  ing the En vironment. I n  addi t ion t o  providing protect ion t o  
;embers o f t h e  pub1 i c ,  i t  i s  DOE'S ob ject ive t o  protect  the environment 
from radioact ive contamination t o  the extent p r a c t i c a l .  

7. LEGISLATIVF AUTHORITY. The Atomic Energy Act O f  1954, as amended, 
authorizes the Department t o  protect  the heal th and safety o f  the pub1 i c  
against rad iat ion i n  conducting the Department's programs. 

8.  REFERENCES. 

a .  

b .  

C .  

d .  

e .  

f . 

9.  

h. 

i .  

j .  

Vert 

DOE 1324. Z A ,  RECORDS D I SPOS IT I ON, o f  9-1 3-88, wh i ch prescr i bes 
p o l i c i e s ,  procedures, standards, and guidel ines f o r  the order ly 
d ispos i t ion o f  records o f  the DOE and i t s  operating contractors. 

DOE 5000.38, OCCURRENCE REPORTING AND PROCESSING OF OPERATIONS 
INFORMATION, o f  1-19-93, which establ ishes a system f o r  report ing 
operations information re la ted t o  DOE-owned o r  operated f a c i l i t i e s  and 
processing o f  the information. 

DOE 5400.1, GENERAL ENVIRONMENTAL PROTECTION PROGRAM REQUIREMENTS, o f  
11-9-88, which establishes general environmental protect ion 
requ i rements. 

which establishes requirements f o r  coordination o f  s i g n i f i c a n t  
environmental compliance issues. 

LIABILITY ACT PROGRAM, o f  10-6-89, which establ ishes requirements f o r  
hazardous waste cleanup and n o t i f i c a t i o n .  

DOE 5440.1E, NATIONAL ENVIRONMENTAL POLICY ACT COMPLIANCE PROGRAM, o f  
11-10-92, which establishes DOE p o l i c y  f o r  implementation o f  the National 
Environmental Pol icy Act o f  1969. 

DOE 5480.18, ENVIRONMENT, SAFETY, AND HEALTH PROGRAM FOR DEPARTMENT OF 
ENERGY OPERATIONS, o f  9-23-86, which ou t l i nes  environmental, safety,  and 
heal th protect ion p o l i c i e s  and r e s p o n s i b i l i t i e s .  

DOE 5480.4, ENVIRONMENTAL PROTECTION, SAFETY, AND HEALTH PROTECTION 
STANDARDS, o f  5-15-84, which i d e n t i f i e s  mandatory and reference 
environmental, safety, and health standards. 

DOE 5400.2A, ENVIRONMENTAL COMPLIANCE ISSUE COORDINATION, O f  1-31-89, 

DOE 5400.4, COMPREHENS I VE ENV I RONMENTAL RESPONSE, COMPENSAT I ON, AND 

DOE 5480.5, SAFETY OF NUCLEAR FACILITIES, o f  9-23-86, which establ ishes 
nuclear f a c i l i t y  safety program requirements. 

9-23-86, which establishes nuclear reactor safety program requirements. 
DOE 5480.6, SAFETY OF DEPARTMENT OF ENERGY-OWNED NUCLEAR REACTORS, O f  
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DOE 5480.11, RADIATION protect ion FOR OCCUPATIONAL WORKERS, o f  12-21-88, 
which establishes rad iat ion protect ion standards and program requirements 
f o r  workers. 

DOE 5480.23, NUCLEAR SAFETY ANALYS IS REPORTS, o f  4-10-92, which estab I i shes 
requ i rements f o r  contractors t o  deve I op safety ana lyses tha t  estab I i sh and 
evaluate the adequacy o f  the safety bases o f  nuclear f a c i l i t i e s .  

DOE 5482.16, ENV I RONMENT , SAFETY, AND HEALTH APPRA I SAL PROGRAM, o f  
9-23-86, wh i ch estab I i shes the DOE env i ronment , safety, and hea I t h  appra i sa I 
program. 

DOE 5483.1A, Occupational SAFETY AND HEALTH PROGRAM FOR DOE EMPLOYEES AT 
GOVERNMENT-OWNED, CONTRACTOR-OPERATED FACILITIES, o f  6-22-83, which 
establ i shes requi rements f o r  the protect ion o f  the hea I t h  and safety o f  
employees a t  DOE contractor-operated f a c i l i t i e s .  

DOE 5484.1, ENVIRONMENTAL PROTECTION, SAFETY, AND HEALTH PROTECTION 
!stab I i shes 
ronmenta I pro- 

INFORMATION REPORTING REQUIREMENTS, O f  2-24-81, Wh 
procedures f o r  the report ing o f  information having 
t e c t i o n ,  safety,  o r  heal th protect ion s ign i f icance 

DOE Orders i n  the 5500 ser ies t h a t  out1 ine respons 
preparedness and response. 

ch 
env 

b i  I t i e s  f o r  emergency 

DOE 5820.2A, RADIOACTIVE WASTE MANAGEMENT, o f  9-26-88, which establ ishes 
p o l i c i e s  and guidel ines f o r  the management o f  radioact ive waste and 
contaminated f a c i l i t i e s .  

DOE 6430.1 A ,  GENERAL DES I GN CR I TER I A,  of 4-6-89, wh i ch prov ides genera I 
design c r i t e r i a  f o r  use i n  the  acqu is i t i on  o f  the Department's f a c i l i t i e s  
and establishes responsibi l i t ies and author i t ies f o r  the development and 
ma i ntenance o f  those c r  i t e r  i a .  

DOE publ icat ion DOE/EH-0070, "External Dose-Rate Conversion Factors f o r  
Calculat ion o f  Dose t o  the Pub l i c , "  o f  7-88, which provides conversion 
factors f o r  use in ca lcu lat ing dose from radionuclides external t o  the 
body. 

DOE pub I i cat i on DOE/EH-0071, I' I nterna I Dose Conversion Factors f o r  
Calculat ion of Dose t o  the Publ ic , "  o f  7-88, which provides conversion 
fac to rs  f o r  use i n  ca l cu la t i ng  dose from radionuclides i n  the body. 

DOE Pub I i cat  ion DOE/EH-0173Tr "Env i ronmenta I Regu I atory Gu i de for 
Radiological Ef f luent  Monitoring and Environmental Survei l lance,"  o f  
1 -91 , wh i ch-estab I i shes e I ements o f  a rad io  I og i ca I mon i t o r  i ng program i n 
support o f  DOE 5400.1 and 5400.5. 

3 
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DOE pub I i cat ion DOE/EV/1830-T5, "A  Gu i de t o  Reduc i ng Rad i a t  i on Exposure 
t o  as Low as Reasonab I y Ach i evab I e, " o f  4-80, wh i ch prov i des contractor 
personnel w i th  general guidance regarding programs and techniques t o  
reduce rad ia t ion  exposure t o  levels as low as i s  reasonably achievable. 

DOE pub I i cat  ion, "Former I y Uti I i zed S i t e s  Remed i a I Action Program; 
Summary Protocol: I d e n t i f i c a t i o n  - Characterization - Designation - 
Remed i a I A c t  ion - Cert i f i cat i on, I' o f  1 -86, wh i ch prov i des procedures 
f o r  conduct i ng remed i a I act ions a t  former I y u t  i I i zed s i t e s  . 

DOE/CH-8901, "A  Manua I f o r  Imp I ement i ng Res i dua I Rad i oact i ve. Materia I 
Guidel ines; A Supplement t o  U.S. Department o f  Energy Guidel ines f o r  
Residual Radioactive Material a t  Formerly U t i  I ized S i tes  Remedial 
Action Program and Remote Surp I us Fac i I i t  i es Management Program S i tes ,  " 
o f  6-89, which provides guidance on the  implementation o f  DOE residual 
rad ioact ive material l i m i t s .  

EPA Publication EPA-520/1-88-020, Federal Guidance Report No. 11, 
"L imi t ing  Values o f  Radionucl ide Intake and A i r  Concentration and Dose 
Conversion Factors f o r  Inhalat ion,  Submersion, and Ingestion, " o f  1988, 
wh i ch prov i des prefer red dose convers i on fac to rs  f o r  use by Federa I 
agenc i es . 

T i t l e  10 CFR P a r t  60, "Disposal o f  High-Level Wastes i n  Geologic 
Reposi tor ies, "  which prescribes ru les  governing the  l icensing o f  DOE t o  
rece i ve and possess squrce, spec i a I nuc I ear, and byproduct mater i a I a t  
a geo I og i c repos i t o r y  operat i ons area. 

T i t l e  10 CFR Par t  72, "Licensing Requirements f o r  t he  Storage o f  Spent 
Fue I i n an Independent Spent Fue I Storage I nsta I I a t  i on ( I SFS I ) , " wh i ch 
establ ishes requirements, procedures, and c r i t e r i a  f o r  l icensing ISFSI. 

T i t l e  40 CFR P a r t  61, Subpart H, "National Emission Standard f o r  
Rad i onuc I i de Emissions from Department o f  Energy (DOE) Fac i I i t  i es, " 
which regulates radionucl ide a i r  emissions from DOE f a c i l i t i e s .  

T i t  I e 40 CFR Par t  141 , 
Regu I a t  i ons (Safe D r  i nk i ng Water Act) , " wh i ch prescr i bes rad i onuc I i de 
concentration l imi ts  f o r  pub l i c  d r ink ing  water. 

T i t  I e 40 CFR Par t  190, 'I Env i ronmenta I Rad i a t  i on Protect  i on Standards 
f o r  Nuc I ear Power Operations, " wh i ch conta i ns the  rad i a t  i on dose I i m  i t s  
f o r  members o f  t he  pub1 i c  i n  the  general environment and cu r ie  release 
l i m i t s  f o r  rad ioact ive mater ia ls  released in to  the  general environment 
from operations w i th in  the  nuclear fue l  cyc le  operations t h a t  are 
associated w i th  the  production o f  e l e c t r i c a l  power. 

"Nat  i ona I I n te r  i m P r  i mary D r  inking Water 
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T i t l e  40 CFR Part 191, 
D i sposa I o f  Spent Nuc I ear Fue I , H i  gh-Leve I and Transuran i c Wastes, " wh i ch 
establishes requirements f o r  the  management and disposal o f  spent nuclear 
fue I , h i gh- I eve I , and transuran i c wastes. 

T i t l e  40 CFR P a r t  192, "Standards f o r  Remedial Actions a t  Inactive 
Uran i um Processing S i t es ,  " o f  1-5-83, wh i ch concerns the contro I o f  
residual radioactive material a t  designated processing or  disposal s i t e s .  

T i t l e  42 U . S . C .  300, e t  seq., Safe Drinking Water Act, as amended, which 
authorizes EPA t o  promulgate regulat ions under two spec i f i c  programs: 
the f i r s t  protects  the Nation's pub l i c  d r ink ing  water supplies; the 
second protects  subsurface waters by regu I a t  i ng underground i n j  ec t  ion o f  
materials. 

"Environmental Standards f o r  the Management and 

T i t l e  42 U . S . C .  2011, e t  seq., Atomic Energy Act o f  1954, as amended, 
wh i ch author i zes the conduct o f  atom i c energy ac t  i v i t  i es and estab I i shes 
au thor i ty  f o r  protect ing the  hea I t h  and safety  o f  the  pub I i c . 

T i t l e  42 U . S . C .  4341, e t  seq., National Environmental Pol icy  Act o f  1969, 
as amended. which establishes broad national environmental po l i cy .  

T i t l e  42 U . S . C .  7401, e t  seq., Clean A i r  Act, as amended, which provides 
requ i rements t o  protect  and enhance the  qua I i t y  o f  the  Nation's a i r 
resources, t o  promote the  pub1 i c  heal th  and welfare. 

Vo I ume 47 Federa I Reg i s te r  (FR) 47073, "Food and Drug Adm i n i s t r a t  i on (FDA) 
Acc i denta I Rad i oact i ve Contam i na t  i on o f  Human Food and An i ma I Feeds; 
Recommendations f o r  S t a t e  and Local Agencies," which provides guidance 
f o r  protect ing consumers o f  produce fo l lowing a nuclear accident. 

T i t l e  48 CFR P a r t  923.70, "Environmental Conservation and Occupational 
Safety, " which contains the  basic provisions o f  the DOE Environment, 
Conservat ion and Occupat i ona I Safety Program. 

T i t  I e 48 CFR P a r t  970.23, 
Env i ronmenta I Conservat i on, and Occupat i ona I Safety, " wh i ch conta i ns 
supplemental information t o  T i t l e  48 CFR Par t  923.70 i n  providing the  
basic provisions of the  DOE Environment, Conservation and Occupational 
Safety Program. 

"DOE Management and Operat ions Contracts, 

I nternat  i ona I Comm i ss i on on Rad io  I og i ca I Protect ion ( I CRP) Pub I i ca t  i on 
23, "Reference Man : Anatom i ca I , Phys i o  I og i ca I and Metabo I i c 
Character i s t  i cs, " Pergamon-' Press, Oxford, Eng I and. 

ICRP Publication 26, "Recommendations o f  the International Commission on 
Rad i o I og i ca I Protect i on, " Pergamon Press, Oxford, Eng I and (1 977) . 

I CRP Pub I i cat i on 30, "L imi ts  for Intakes o f  Rad i onuc I ides by Workers. " 

V e r t  i ca I I i ne denotes change. 
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I CRP Pub I i cation 45, 
of Harm, ” Pergamon Press, Oxford, Eng I and. 

ICRP Publication 48, “The Metabolism o f  Plutonium and Related Elements,” 
Pergamon Press, Oxford, ‘Eng I and. 

“Quanti t a t  i ve Bases f o r  Deve I op i ng a Un i f i ed I ndex 

National Council on Radiation Protection and Measurements (NCRP) Report 
No. 91, “Recommendations on L imi ts  f o r  Exposure t o  Ionizing Radiat ion,“ 
NCRP, Bethesda, MD 20814. 

Nuclear Regulatory Commission, Regulatory Guide 1.  
Operat i ng L i censes f o r  Nuc I ear Reactors, ” o f  6-74 

I i m i  t s  f o r  surface contam i nation on .mater i a I s and 

86, “Term i nat i on o f  
which establishes 

equipment. 

Nuclear Regulatory Commission publ icat ion,  ”Guide ines f o r  
DeconCamination o f  F a c i l i t i e s  and Equipment P r io r  t o  Release f o r  
Unrestr icted Use o r  Termination o f  Licenses f o r  Byproduct, Source o r  
Special Nuclear Ma te r ia l , ”  o f  7 -82 .  

Oak Ridge Nationa I Laboratory (ORNL) , Pub1 icat ion CCC - 475, 11 -86, 
“CAAC - Code System f o r  Implementation o f  Atmospheric Dispersion 
Assessment Required by the Clean A i r  Ac t . ”  RSlC Computer Code 
Col lect ion.  

9. RESPONS I B I L I T IES AN D AUTHOR I T I  ES . 

a .  Jhe Secretary. Many provisions i n  t h i s  order permit and/or 
necessitate the exercise o f  d iscret ion and/or judgment i n  carry ing out  
the requirements o f  the Order. In  those instances, the determination 
o f  whether, i n  the exercise o f  such d iscret ion and/or judgment, the 
requirements o f  t h i s  Order were complied w i th  res ts  i n i t i a l l y  w i t h  the 
re levant  Department a u t h o r i t y  and, u l t i m a t e l y ,  w i t h  t h e  Secretary. The 
Secretary re ta ins the sole and f i n a l  author i ty  t o  determine what acts 
are necessary t o  comply w i th  t h i s  Order. Further, the Secretary 
re ta ins the author i ty  t o  suspend any and a l  I requirements under t h i s  
Order whenever t h e  Secretary deems i t  necessary. This  a u t h o r i t y  may be 
de I egated by the Secretary as appropriate. 

b. In  addi t ion t o  those respons ib i l i t i es  and au tho r i t i es  contained i n  
DOE 5480.1B and DOE 5400.1, the f o l  lowing responsibi I i t i e s  and 
au tho r i t i es  are assigned: 

(1 1 n t  Secretarv for F n v r r o w n t .  Safetv and Health fFH-11. 

(a) Develop DOE publ ic and environmental rad iat ion protect ion 
po l i cy  and requirements; and 

(b) Approve, i f  warranted, spec i f ic  exceptions t o  t h i s  Order, 
pursuant t o  provisions i n  DOE 5400.1 and DOE 5820.2A. 

Ver t  i ca I I i ne denotes change 

e, 



7 

DOE 5400.5 Chg 2 
1-7-93 

7 

(2) Pros ram Secretar i a I Off icers  , 

(a) Implement DOE publ ic  and environmental rad ia t ion  protect ion 
po l i cy  and requirements i n  t h e i r  respective programs; and 

(b) I mp I ement , i f warranted, i n te r  i m contro I s t ra teg i es proposed by 
f i e l d  organizations pursuant t o  t h i s  Order and DOE 5820.2A. 

(3) Heads o f  F i e ld  Elements. 

a c t i v i t i e s ;  
(a) Implement provisions o f  t h i s  Order f o r  t h e i r  respective 

(b) Ma i n ta  i n  appropr i a te  capab i I i t  i es a t  each operating s i t e  f o r  
mon i t o r  i ng and assess i ng rou t  i ne and unp I anned r e  I eases o f  
rad i oact i ve mater i a I s, w i th  respect t o  the  character i s t  i cs o f  
radioactive material released and the  release modes, consistent 
w i th  the types o f  operations conducted; 

t o  paragraph I I . la(4) ; and 
(c) Process spec i f i c  requests f o r  exceptions t o  t h i s  Order, pursuant 

(d) Temporari l y  suspend the requirements o f  t h i s  Order when doing so 
i s  i n  t h e i r  judgement necessary t o  minimize damage t o  l i f e  o r  
property o r  t o  p ro tec t  pub1 i c  heal th  o r  safety .  Whenever t h i s  
prov i s i on i s i nvoked , such suspension and the reason therefore 
are t o  be reported t o  EH-1 a t  the  ear l  i es t  pract icable t ime.  

(4 )  P i r  ector .  Na val Nuclear ProDulsion Proaram - L Executive Order 12344, 
s t a t u t o r i  l y  prescribed by PL 98-525 (42 USC 7158 note) establ ishes 
the  respons ib i l i t i es  and au thor i ty  o f  the Di rector ,  Naval Nuclear 
Propulsion Program (who i s  a lso the  Deputy Assistant Secretary f o r  
Naval Reactors w i th in  the  Department) over a l l  f a c i l i t i e s  and 
a c t i v i t i e s  which comprise the  Program, a j o i n t  Navy-DOE organization. 
The p o l i c y  p r i n c i p l e  promoted by these executive and l e g i s l a t i v e  
actions i s  c i ted  i n  the Executive Order as ” . . . preserving t h e  bas ic  
structure, pol ic ies,  and pract ices developed f o r  t h i s  Program i n  the  
past..  . ” .  Accordingly, The Naval Nuclear Propulsion program i s  
exempt from the provisions o f  t h i s  Order. The Director shal I 
ma i nta i n an env i ronmenta I pro tec t  ion program t o  ensure comp I i ance 
w i th  appl icable environmental statues and regulat ions. The Director 
and EH-1 sha I I cooperative I y deve I op information exchange and other 
mutua I I y benefic i a I programs as appropriate, consistent w i th  PL 98- 
525. 

Vertical l i ne  denotes change. 
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10. BEF I N  I T I  ONS , 

a.  As Low As Reasonably Achievable (AI ARAZ i s  a phrase (acronym) used t o  
describe an approach t o  rad iat ion Protection t o  control o r  manage 
exposures (both individual and col l ec t i ve  t o  the work force and the 
general publ ic )  and releases o f  radioact ive material t o  the environment 
as low as social,  technical,  economic, p rac t i ca l ,  and pub1 i c  pol icy  
considerations permit.  
I i m i t ,  but  rather i t  i s  a process t h a t  has as i t s  object ive the 
attainment o f  dose levels as f a r  below the appl icable I imi ts  o f  the 
Order as pract  i cab I e.  

As used i n  t h i s  Order, ALARA i s  not a dose 

b.  Best Avai table TechnoloQL(BAT1 means t h e  prefer red technology f o r  
t rea t i ng  a pa r t i cu la r  process l i q u i d  waste, selected from among others 
a f t e r  taking i n to  account factors  re la ted t o  technology, economics, 
pub1 ic  pol icy ,  and other parameters. As used i n  t h i s  Order, BAT i s  not 
a speci f ic  level o f  treatment, but the conclusion o f  a select ion 
process t h a t  includes several treatment a l ternat ives.  

C .  Derived Concentration Guide (DCG) i s  the concentration o f  a radio- 
nucl ide i n  a i r  or  water t h a t ,  under condit ions o f  continuous exposure 
f o r  one year by one exposure mode ( i  . e . ,  ingestion o f  water, submersion 
in a i r ,  or inhalat ion), would r e s u l t  i n  an e f fec t i ve  dose equivalent o f  
100 mrem 0.1 rem (1 mSv) . DCGs do not  consider decay products when the 
parent radionucl ide i s  the cause o f  the exposure (DCG values are 
presented i n  Chapter I I I )  (1 rem = 0.01 s iever t )  . 

(1) Absorbed Dose i s  the energy imparted t o  matter by ioniz ing 
rad iat ion per u n i t  mass o f  i r rad iated material a t  the place of 
in terest  i n  t h a t  mater ia l .  The absorbed dose i s  expressed i n  
u n i t s  of rad (or gray). (1 rad = 0.01 gray.) 

(2) COl  l ec t i ve  Dose E Y i  valent and Col I ect ive E f f e  c t i v e  Dose 
auivalent are the sums o f  the dose equivalents or  e f f e c t i v e  dose 

equivalents o f  a l l  indi,viduals i n  an exposed population w i th in  an 
80-km radius, f o r  the purposes o f  t h i s  Order, and they are 
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(3 )  

( 4 )  

(9) 

9 

expressed i n  u n i t s  o f  person-rem (or  person-sievert)  . When the 
cot lect ive dose equivalent o f  in terest  i s  f o r  a spec i f ic  organ, the 
u n i t s  would be organ-rem (or organ-s iever t ) .  For purposes o f  t h i s  
Order, the 80-km distance shal I be measured from a po int  located 
central l y  w i th  respect t o  major fac i  I i t i e s  o r  DOE program a c t i v i t i e s .  

i v  l e  i s  the predicted t o t a l  dose equivalent t o  a 
t issue or  organ over a 50-year period a f t e r  a known intake o f  a 
radionucl ide i n to  the body. I t  does not  include contr ibut ions from 
external dose. Committed dose equivalent i s  expressed in  un i t s  o f  
rem (or s iever t )  . 
Committed F f fec t i ve  Dose Fquivalent i s  the sum of the committed dose 
equivalents t o  various t issues i n  the body, each mul t ip l ied by the 
appropriate weighting fac to r .  Committed e f fec t i ve  dose equivalent i s  
expressed i n  un i t s  o f  rem (or s iever t )  . 

Peep Dose Equivalent, as used i n  t h i s  Order, means the dose 
equivalent i n  t issue a t  a depth o f  1 cm der iv ing from external 
(penetrat i ng) rad i a t  i on. 

Dose Fquivalent i s  the product o f  absorbed dose i n  rad (or gray) i n  
t issue and a qual i t y  fac to r .  Dose equivalent i s  expressed in  un i t s  . 
o f  rem (or  s i  ever t ) .  

F f fec t i ve  Dose Fquivalent i s  the summation o f  the products o f  the 
dose equivalent received by speci f ied t issues o f  the body and a 
t issue-speci f ic  weighting fac to r .  This sum i s  a r isk-equivalent 
value and can be used t o  estimate the heal th-ef fects r i s k  o f  the 
exposed ind iv idual .  The t issue-speci f ic  weighting factor represents 
the f rac t i on  o f  the t o t a l  heal th r i s k  resu l t ing  from uniform 
whole-body i r rad ia t i on  tha t  would be contributed by tha t  par t i cu la r  
t issue. The e f f e c t i v e  dose equivalent includes the  committed 
e f fec t i ve  dose equivalent from internal  deposition o f  radionuclides 
and the e f fec t i ve  dose equivalent due t o  penetrating rad iat ion from 
sources external t o  the body. E f fec t i ve  dose equivalent i s  expressed 
i n  un i t s  o f  rem (or s iever t )  . 

Pubi i c  Dose means the  dose received by member(s) o f  the  pub1 i c  from 
exposure t o  rad ia t ion  and t o  radioact ive material released by a DOE 
fac i  I i t y  o r  operation, whether the exposure i s  w i th in  a DOE s i t e  
boundary o r  o f f -  s i t e .  I t  does not  include dose received from 
occupat i ona I exposures, doses rece i ved from natura I I y occurr i ng 
"background" rad i a t  i on, doses received as a pat i ent from med i ca I 
practices, o r  doses received from consumer products. 

yei ght i na Factor i s  t i  ssue-spec i f i c and represents the f rac t ion  o f  
the t o t a l  health r i s k  resu l t ing  from uniform, whole-body i r rad ia t ion  
t h a t  could be contr ibuted t o  t h a t  p a r t i c u l a r  t i ssue .  The weighting 
factors  recommended by the ICRP ,(Pub1 ica t ion  26) and used here are 
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Oraan o r  Ti ssue Weiahtina Factor 
Gonads 0.25 
Breasts 0.15 
Red Bone Marrow 0.12 

Thyroid 0.03 
Bone Surfaces 0.03 
Rema i nder 0.30 

Lungs 0.12 

1 "Remainder means the f i v e  other organs wi th  the highest 
dose (e .g . ,  l i v e r ,  kidney, spleen, thymus, adrenal, 
pancreas, stomach, small in test ine,  or  upper and lower 
large in test ine,  but excluding sk in ,  lens o f  the eye, and 
extremit ies).  
organs i s  0.06. 

The weighting fac to r  f o r  each o f  these 

(10) Qual i tY  Factor i s  the pr inc ipa l  modifying factor  used t o  
u la te  the dose equivalent from the absorbed dose. 
purposes o f  t h i s  Order, the f o l  lowing qual i t y  factors ,  which are 
taken from DOE 5480.11, are t o  be used. 

For the 

. .  
ad I a t  I on Tvpe 

pos i trons, 
( including t r i t i um)  

Sua I i t y  Factor 
X-rays, gamma rays, 1 

and e I ectrons 

_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - - - -  
Neutrons, <IO keV 3 

Neutrons, >10 keV IO 
Protons and s ing le charged 

_ _ _ _ _ _ _ _ _ - - - _ _ _ _ _ _ _ - - - - -  

pa r t  i c I es o f  unknown energy w i th  
r e s t  mass > one atomic mass u n i t  

_ _ _ _ _ _ _ _ _ _ - - - - - - - - -  _ _ _ - -  
Alpha par t i c les  20 ' 

Mu I t  i p I e-charged pa r t  i c I es 
(and pa r t i c l es  o f  unknown 
charge) o f  unknown energy 

For neutrons o f  known energies, the more detai led qual i t y  
factors given i n  DOE 5480.11 may be used. 

e .  Members o f  t he  Pub1 i c  means persons who are no t  occupational l y  
associated w i th  the DOE f a c i l i t y  or  operations, i . e . ,  persons whose 
assigned occupational dut ies do not require them t o  enter the DOE s i t e .  
(A I so see DoseTerms: Pub I i c Dose. 
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f .  I t o r  I na Terms 

11 

uent Mon i t o r i n g  i s  the col lect ion and analysis of samples or 
measurements o f  I i qu i d and gaseous e f f  I uents f o r  purposes o f  
character i z i ng and quanti f y  i ng contami nants, assess i ng rad i a t  i on 
exposures o f  members o f  the publ ic ,  and demonstrating compliance with 
applicable standards. 

o f  a i r ,  water, soi I ,  foodstuf fs,  b io ta,  and other media from DOE 
s i t e s  and t h e i r  environs and the measurement o f  external rad iat ion 
f o r  purposes o f  demonstrat i ng compl i ance w i t h  app I i cab I e standards, 
assessing rad iat ion exposures o f  members o f  the pub1 i c ,  and assessing 
effects, i f  any, on the local environment. 

(1) Eff l  

i s  the col lect ion and analysis o f  samples (2) Fnv i ronmenta 1 Survei I 1 ante 

ect ive Ac i u i  are projected numer i ca I dose va I ues 
LL::b I i shed b> :FAG D t ?  ~ ~ * ~ " S : t e s  f o r  i nd i v i  dua I s i n the popu I a t  i on. 
These values may t r i gge r  protect ive actions t h a t  would reduce or  avoid 
the projected dose. 

Rad i oact I v I t y  means the property o r  character i s t  i c o f  rad i oact i ve 
mater i a I t o  spontaneous I y "d  i s  i ntegrate" w i th  the em i ss ion o f  energy i n 
the form o f  rad iat ion.  The u n i t  o f  rad ioac t i v i t y  i s  the cur ie  (or 
becquere I ) . 

phys i ca I and phys i o I og i ca I character i s t  i cs ar r ived a t  by i nternat i ona I 
consensus ( I CRP Pub I i ca t i  on 23) . These character is t ics  may be used by 
researchers and publ ic  health workers t o  standardize resu l ts  o f  
experiments and t o  re la te  b io log ica l  i nsu l t  from ioniz ing rad iat ion t o  a 
common base. The "reference man" i s  assumed t o  inhale 8400 cubic meters 
o f  a,ir i n  a year and t o  ingest 730 I i t e r s  o f  water i n  a year. 

'* 
. .  h.  

i .  Reference W means a hypothetical aggregation o f  human (male and female) 

j . Release o f  Property. as used i n  t h i s  Order, means the exercising o f  DOE'S 
author i ty  t o  release property from i t s  control  a f t e r  confirming tha t  
residual radioact ive material (over which DOE has author i ty)  on the 
property has been determ i ned t o  meet the guide I i nes f o r  res i dua I 
rad i oact i ve mater i a I i n Chapter I V o r  any other app I i cab I e rad io  I og i ca I 
requirements. There may be instances i n  which DOE or  other author i ty  
w i  I I impose res t r i c t i ons  on the management and/or use o f  the property i f  
the residual radioactive material guide1 ines o f  Chapter I V  are not met o r  
if other appl icable Federal , State, o r  local requirements cause the 
i mpos i t i on o f  such rest r  i c t  i ons . 
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k .  kmed i a I Action means those ac t  ions cons i s tent  w i th  permanent remedy 
taken instead o f ,  o r  i n  addi t ion t o ,  removal act ion i n  the event o f  a 
r e  I ease o r .  threatened r e  I ease o f  a hazardous substance i n to  the 
env i ronment, t o  prevent or  m i n i m i ze the r e  I ease o f  hazardous substances' 
so t h a t  they do no t  migrate t o  cause substantial danger t o  present or  
f u tu re  pub I i c hea I t h  o r  we I f a re  o r  the env i ronment . 

I .  Residual R ad i oact i ve Material means any radioact ive material which i s  
i n  o r  on soi I ,  a i  r ,  equipment, o r  structures as. a consequence o f  past 
operat i ons or ac t  i v i  t i  es . 

m.  Sett leable Sol ids means those sol ids suspended i n  waste water t h a t  are 
determined t o  be se t t leab le  usinq Method 209 E ,  Set t leable Sol ids  PP 98 
and 99, 16th e d i t  
Waste Water. 

n.  Seweraae Terms. 

(1) Sewage means 

on, Standard Methods f o r  Examination o f  Water and 

the waste matter t h a t  passes through sewers. 

(2) 

(3) 

wastes percolate from ponds, c r i bs ,  seepage basins, or  trenches. 

Sewer means the  a r t  i f i c i a I condu i t  , usua I I y underground, for 
carrying o f f  waste water and refuse. 

Sewerace means the system o f  sewers. 

0. Soi I Column i s  an i n  s i t u  volume o f  soi I down through which I iqu id  

Stochastic F f fec tS  are b io log ica l  e f fec ts ,  the p robab i l i t y ,  ra ther  than 
.the sever i ty,  o f  which i s  a funct ion o f  the magnitude o f  the rad ia t ion  
dose without thresho Id;  i .e .  , stochast ic e f fec ts  are random i n  nature. 
Nonstochast I c E f f  ects are b io log ica l  e f fec ts ,  the  sever i ty  o f  which, i n  
a f fected indiv iduals,  var ies w i th  the magnitude o f  the  dose above a 
thresho Id  va I ue . 

P -  

BY ORDER OF THE SECRETARY OF ENERGY: 

DONNA R .  F I TZPATR I CK 
Ass i s tant  Secretary 
Management and Administration 
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GENERAL 

1 .  BACKGROUND. This Order has been developed t o  integrate, consol idate, and 
update the  por t ions o f  DOE 5480.1B t h a t  addressed pub1 i c  and environmental 
rad i a t  i on protect  i on standards and contro I prac t  i ces . Spec i f i ca I I y , t h  i s 
Order rep I aces requ i rements o f  DOE 5480.1 B ,  Chapter X I ; adopts current  
guidance and standards issued by national and in ternat ional  au tho r i t a t i ve  
bodies on rad ia t ion  pro tec t ion ;  incorporates current  regulatory requirements 
app I i cab l e  t o  DOE operat ions; and conso I i dates and upgrades DOE gu i dance f o r  
contaminated property. The fo l low ing  paragraphs provide a summary o f  the  
top i cs  considered i n  t h i s  Order. 

I 
I 

2.  DOSE STANDARDS AND TFRMINOLOGY. 

I n t e r n a t  i ona io  I oa i ca I Protect ion I CRP) , Th i s Order 
adopts and implements rad ia t i on  pro tec t ion  dose standards consistent w i th  
the recommendations o f  the ICRP. In  1977, t he  ICRP recommended a system 
o f  dose I imi ta t ions t h a t  has been adopted and implemented by essential l y  
a l  I countries with nuclear programs. The ICRP system o f  dose I imi ta t ions ' 
provides a s c i e n t i f i c  basis f o r  heal th  p ro tec t ion  and se lec t ion  o f  dose 
I i m i t s .  The system a I so r e f  I ects current  i nformat ion on hea I t h  r i s k s ,  
dosimetry, and rad ia t i on  practices, and promotes a more uniform and 
consistent app l i ca t ion  o f  rad ia t ion  pro tec t ion  among diverse a c t i v i t i e s  
than had previously been possible. The ICRP system i s  based on soph is t i -  
cated ana ly t i ca l  models and requires computer c a p a b i l i t i e s  f o r  making 
evaluations o r  using the  dose conversion tab les  produced from such 
evaluations. 

. .  a .  

- 

b .  nce . DOE i s  required t o  comply 
with legal l y  appl icable ru les  and regulat ions o f  other Federal, State, 
and local agencies, some o f  which have no t  adopted the  ICRP system. The 
r e s u l t  i s  a mixture o f  dose standards, terminology, and u n i t s .  
Therefore, some dose l i m i t s  i n  t h i s  Order are expressed i n  terms o f  
e f f e c t i v e  dose equivalent, consistent wi th  current  ICRP recommendations, 
wh i le  others are expressed i n  terms o f  dose equivalent t o  the  whole body 
or  t o  speci f ic  organs, cons i s ten t  w i t h  p re - I  977 recommendat i ons o f  I CRP . 
The presentation o f  t h i s  Order includes both the  more t r a d i t i o n a l  dose 
terms and u n i t s  and the  new dose terms and concepts introduced by the 
ICRP f o r  t h e i r  system o f  dose l im i ta t i ons .  De f in i t i ons  presented i n  t h i s  

Order are cons i s ten t  w i t h  the  de f  i n i t  i ons presented i n r e  I ated Orders, 
such as DOE 5480.11. 

Vert i ca I I i ne denotes change. 
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3.  DOSE LIMIT S F l F C  TION. The DOE primary standard o f  100 mrem (1 mSv) 
e f fec t i ve  dose equivalent t o  members o f  the publ ic  i n  a year i s  lower than 
the previous primary I im i t  o f  500 mrem (5 '  mSv) . The lower value was 
selected i n  recognit ion o f  the ICRP recommendation t o  l i m i t  the long-term 
average e f fec t i ve  dose equivalent t o  100 mrem (1 mSv) per year, or  less. 
Experience suggests t h a t  the lower dose i s  readi ly  achievable f o r  normal 
operations o f  DOE faci  I i t i e s .  A higher dose I i m i t ,  not  t o  exceed the 
500-mrem e f fec t i ve  dose equ i va I ent recommended by I CRP as an occas i ona I 
annual l i m i t ,  may be authorized f o r  a I imited period i f  i t  i s  j u s t i f i e d  by 
unusual operating conditions. 

i s  based on consideration o f  the potent ia l  r i s k  o f  radiation-induced f a t a l  
cancers and serious genetic defects ( i . e . ,  the ICRP risk-based system). The 
ICRP recommends t h a t  doses t o  indiv iduals be w i th in  the appropriate dose 
I i m i t f o r  the i nd i v i dua Is  and that  a I I exposures be ALARA. * Accord i ng I y ,  
t h i s  Order adopts the ALARA process i n  planning and carry ing out a l l  DOE 
a c t i v i t i e s .  

4 .  AS LOW AS RFASONABI Y ACHl EVABl F (AI ARA) , The DOE primary pub1 i c  dose I im i t  

5 .  I IOUlD WASTES AND FFFLUENTS. 

a.  Protect ion of Resources I I n  addi t ion t o  I imi t ing dose t o  members o f  
the ,public (onsite o r  o f f s i t e )  t o  the primary rad iat ion protect ion 
standards established i n  t h i s  Order, and t o  the applicable l i m i t s  o f  EPA 
and S t a t e  regulations, addi t ional  cont ro ls  on the release o f -  I iquid 
wastes are adopted t o  reduce the potent ia l  f o r  radiological  
contamination o f  natural resources such as land, ground and surface 
water, and ecosystems. 

b .  Treatment o f  L i au i d Rad i oact i ve Waste S t r  eams . Standards f o r  l i q u i d  
e f f l u e n t  discharges are dr iven by the DOE ALARA pol icy  and object ive t o  
m i n i m i  ze contam i nat i on i n the env i ronment t o  the extent pract  i cab I e. 
The Order adopts the "best avai lab le  technology" (BAT) as the 
appropr i ate I eve I o f  treatment f o r  I i qu i d  wastes conta i n i ng rad i oact i ve 
material and provides t h a t  t he  BAT be phased i n  a t  the e a r l i e s t  
practicable time. Technical and economic considerations are included 
.in determining the BAT. 
radioactive waste streams t h a t  contain radionucl ide concentrations o f  
not  more than the derived concentration guide (DCG) reference values a t  
the point  o f  discharge t o  a surface waterway normal l y  w i  I I not  require 
treatment t o  fur ther  reduce the concentration. BAT treatment i s 
provided t o  protect  ground water and t o  prevent radionucl ide buildup i n  
soi I .  

Based on cost and benef i t  considerations, 

6. FNVIRONWUAI PROTFCTION. The phasing out o f  the use o f  soi I columns and 
the addit ional requirements associated w i th  the bu r ia l  o f  low-level radio- 
act ive wastes (discussed in  Chapter I I )  address concerns w i th  potent ia l  
long-term contamination o f  the environment on and near DOE a c t i v i t i e s  and 

I I 
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1 .  

sites. These requirements are intended t o  prevent the bui ldup o f  
contamination i n  s o i l s  and ground water and t o  protect  the environment from 
the spread o f  contamination from bu r ia l  trenches and p i t s .  

DISCHARGES TO SANl TARY SE WFRAGF. The control o f  releases o f  l i q u i d  wastes t o  
community sani tary sewer systems i s  designed t o  be general ly consistent w i th  
requirements imposed by NRC on i t s  licensees. As discussed i n  Chapter I I ,  the 
”best avai lab le technology” (BAT) select ion process i s  t o  be applied t o  the 
treatment o f  l i q u i d  wastes released t o  sani tary sewerage when concentrations 
o f  radionucl ides would otherwise exceed f i v e  times the DCG reference values 
given i n  Chapter I l l .  Operators should ensure t h a t  the t o t a l  annual discharge 
o f  radioact ive material t o  the sani tary sewer system w i l l  not  cause exposures 
t o  members o f  the general pub1 i c  t h a t  wi I I r e s u l t  i n  doses exceeding a smal I 
f r a c t i o n  o f  the basic annual dose I i m i t .  

8.  ENTAL SURVEILLANCF. 

a. Pemonstrat i on o f  Comp I i ance . 
requirements o f  t h i s  Order general ly w i l l  be based upon ca lcu lat ions t h a t  
make use o f  information obtained from monitoring and survei l lance 
programs. The ab i I i t i  es t o  detect, quanti f y  , and adequate I y respond t o  
unplanned releases o f  radioact ive material t o  the environment also r e l y  
on in-place e f f l u e n t  monitoring, monitoring o f  environmental t ranspor t  
and d i f f u s i o n  condit ions, and assessment capab i l i t i es .  This w i l l  enable 
DOE t o  develop useful data and t o  c o l l e c t  and analyze per t inent  i n fo r -  
mation on unplanned releases i n  a t imely  manner. I t  i s  the intent o f  DOE 
t h a t  the monitoring and survei l lance programs f o r  the DOE a c t i v i t i e s , ’  
f ac i  I i t i e s ,  and -locations be o f  high qual i t y .  Although some di f ferences 
r e s u l t  from spec i f i c  s i t e  o r  spec i f i c  a c t i v i t y  condit ions, un i formi ty  i n  
the methods and performance c r i t e r i a  used i n  obtaining the information i s  
desirable. 

Demonstrat i ons o f  comp I i ance w i t h  

b .  Monitoring and Survei I I ance Reau i rements, To ensure t h a t  the e f f  I uent 
monitor i ng and env i ronmenta I survei I I ance programs are o f  good qua I i t y  a t  
a l l  DOE f a c i l i t i e s  and s i t e s ,  ce r ta in  requirements and recommendations 
are provided i n  DOE pub1 icat ion DOEIEH-0173T which deals wi th 
rad i o I og i ca I e f f  I uent mon i t o r  i ng and env i ronmenta I surve i I I ance , 

9. PFS I DUAL RAD I OACT I VF MATFR I AI DOE pract  i ces and requ i rements f o r  res i dua I 
radioact ive material are presented i n  Chapter I V ,  including l i m i t s  o f  
potential dose, authorized contamination l i m i t s  f o r  the release o f  property, 
and ALARA considerations. 

a. Standard Methods. Data developed by the Department t o  demonstrate t h a t  
DOE operations comply w i th  appl cable standards and requirements should 
be correct  and representat i ve . 
ca lcu lat ions o f  dose t o  the pub i c  from exposures resu l t i ng  from both 

Accord i ng I y , t h  i s Order requ i res t h a t  

Vertical l ine denotes change. 
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rout ine and unplanned a c t i v i t i e s  be performed using standard EPA o r  DOE 
dose convers i on fac to rs  o r  ana I y t  i ca I mode I s prescr i bed i n regu I a t  ions 
app I i cab I e t o  DOE operations. 

concentrations needed t o  make dose evaluat ions t o  meet DOE requirements 
are provided i n  Chapter I l l  and three supplemental documents: EPA- 
520/1-88-020, Federa I Gu i dance Report No. 11 , " L  i m i t  i ng Va I ues o f  
Rad i onuc I i de I ntake and A i r Concentrat i on Factors f o r  I nha I a t  ion, 
Submers ion, and I ngest i on; " DOE/EH-0071, I nterna I Dose Convers ion 
Factors f o r  Ca I cu I a t  i on o f  Dose t o  the  Pub I i c ,  " and DOE/EH-0070, 
"Externa I Dose-Rate Conversion Factors f o r  Ca I cu I a t  i on o f  Dose t o  the  
Pub I i c ,  " 
primary basis f o r  determining compl iance w i t h  t h i s  Order. The tab le  of . 

DCGs (Chapter I I I )  has been expanded considerably t o  present a l  I 
classes o f  uptake and re ten t ion .  

b .  Slr_llBIementaI Documents. The dose conversion fac to rs  and der ived 

The dose convers ion fac to rs  i n these documents provide the 

c .  FPA Models. The use o f  AIRDOS/RADRISK, CAP-88, o r  AIRDOS-PC models i s  
prescribed by EPA i n  40 CFR Par t  61, Subpart H ,  t o  evaluate po ten t ia l  
doses from airborne releases. Thus, two evaluations o f  doses from 
airborne pathways could be required: one t o  s a t i s f y  40 CFR Par t  61 
requ i rements and one f o r  DOE purposes using contemporary dos i metry. 
[Caution : Un I ess mod i f i ed, A I RDOS/RADR I SK (a I so known as CAP-88 o r  

A I RDOS-PC) i s no t  su i tab I e f o r  ca I cu I a t  i ng doses from acc i dents. ] 

11. REPORT I NG , 
when DOE a c t i v i t i e s  might have caused, o r  might cause, a noncompl iance w i th  
requirements o f  t h i s  Order. 
genera I requ i rements f o r  repor t ing , spec i f i ed i n DOE 5484.1 . "Federa I I y 
perm i t t e d "  des i gnat ion o f  r e  I eases, f o r  purposes o f  EPA repor t  i ng 
requ i rements, are addressed i n  sect ion 11 . 7 .  

The Order addresses the  not i f i c a t  i on o f  headquarters personne I 

These requirements are i n  add i t ion  t o  the  
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REOU I RFMENTS FOR RAD I AT I ON PROTFCT I ON 
OF THF PUBLIC AND THE ENVIRONMENT 

1. PUBLIC DOSF LIMITS. Dose I im i ts  f o r  members o f  t he  pub1 i c  are presented i n  
t h i s  chapter. The primary pub1 i c  dose I im i ts  include consideration o f  a l  1 
exposure modes f rom-al l  DOE-activit ies ( inc lud ing remedial act ions) .  The 
primary dose I im i t i s  expressed as an e f f e c t i v e  dose eau iva I en t .  a term 
deve I oped by the  I CRP f o r  the  i r r i sk-based system, wh i ch requ i res the  we i ghted 
summation o f  doses t o  various organs o f  t he  body. Addit ional pub1 i c  dose 
l i m i t s  are establ ished by EPA regu la t i ons ' fo r  exposures t o  several selected 
sources o r  exposure modes (pathways o r  con'd i t i ons) . Pub I i c dose I i m i t s  
promulgated by EPA f o r  selected exposure modes are sometimes expressed as dose 

which do not include risk-based weighting o r  summation o f  doses 
DOE 

eauivalents. 
t o  various organs, and sometimes expressed as e f f e c t i v e  dose equivalent. 
must a I so comp I y w i th  I ega I l y  'app I i cab I e requ i rements (e .  g . , 40 CFR Parts 61 , 
191, and 192 and 10 CFR Parts 60 and 72) ,  including admin is t ra t ive and 
procedural requirements. Except f o r  those provided i n  paragraph I l , l a ( 4 ) ,  
admin is t ra t ive and procedural requirements o f  l ega l l y  appl icable regulat ions 
are not addressed i n  t h i s  Order, Such lega l l y  appl icable regu'lations must be 
consulted f o r  provisions not  addressed i n  t h i s  Order. 

a.  PO E Pub1 i c  Dose L im i t  _ -  AI I ExDosur e Modes., A I I DOF Sou rces o f  R ad i a t  i on, 
Except as provided by l l . l a ( 4 ) ,  t he  exposure o f  members o f  the  pub l ic  t o  
rad ia t ion  sources as a consequence o f  a l l  rou t ine  DOE a c t i v i t i e s  sha l l  
not cause, in a year, an e f f e c t i v e  dose equivalent greater than 100 mrem 
(1 mSv). Dose evaluations should r e f l e c t  r e a l i s t i c  exposure condit ions 
(see I I  .6b). 

(1 ) .  Pose Componen- The l i m i t  o f  100 mrem (1 mSv) e f f e c t i v e  dose 
equivalent i n  a ,year  speci f ied i n  paragraph I I . 1 a  i s  the  sum o f  the  
e f f e c t i v e  dose equivalent (or deep dose equivalent, i f  dosimeter data 
are used) from exposures t o  rad ia t ion  sources external t o  the  body 
durlna t h e  year p lus the  committed e f f e c t i v e  dose equivalent from 
radionucl ides Laken in to  the  bodv durina the year. 

. (2) m o s u r e  Modes. Other than f o r  sources speci f ica I l y  excepted, doses 

Requirements and methods f o r  performing the  evaluations 

t o  members o f  the  pub1 i c  from a l  I exposure modes t h a t  could 
cont r ibu te  s i g n i f i c a n t l y  t o  the  t o t a l  dose shal I be considered for 
evaluation. 
are discussed i n  paragraph I I - 6 .  
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The pub1 i c  dose I im i ts  i n  paragraph I I .  l a  apply t o  
doses from exposures t o  rad ia t ion  sources from rout ine a c t i v i t i e s ,  
including remedial act ions and na tu ra l l y  occurring radionuclides 
released by DOE processes and operations, The dose l i m i t s  a lso 
apply t o  the  doses t o  ind iv iduals  who are exposed t o  rad ia t ion  or  
contamination by radionuclides a t  proper t ies subsequent t o  
remedial act ion and release o f  t he  property. L imi ts  f o r  radon and 
i t s  decay products i n  a i r  are provided in  terms o f  Working Levels 
and concentrat i ons i n a i r and are addressed i ndependent I y (Chapter 
I V  and Figure 1 1 1 - 1 ) .  I n  addi t ion,  DOE operators are required t o  
repor t  DOE-re I ated e f f e c t  i ve dose equ i va I ent contr i but  i ons o f  10 
mrem (0.10 mSv) o r  more i n  a year (see paragraph I I .  7 ) .  

(3) A W  icat ion.  

, 
D f r o m - M a d e  or  Fnhanced 
Natura I R a d i  Onuc I i des. Except f o r  med i ca I sources, consumer 
products, res i dua I f a  I I out  from past nuc I ear accidents and 
weapons tests ,  and natura I I y occurr i ng rad i a t  i on sources, DOE 
operators shal I make a reasonable e f f o r t  t o  be aware o f  the  
existence o f  other than DOE man-made sources o f  rad ia t ion  
which, combined w i th  the  DOE sources, might present a 
po ten t ia l  f o r  exceeding contr ibut ions o f  10 mrem (0.1 mSv) 
e f f e c t i v e  dose equivalent i n  a year. Reasonable e f f o r t s  
shal I be made t o  I i m i t  dose t o  members o f  the  pub1 i c ,  from 
mu l t i p le  sources of rad ia t ion ,  t o  100-mrem (1 mSv) e f f e c t i v e  
dose equiva lent ,  o r  less, i n  a year .  EH-1 and t h e  
appropriate Headquarters Program Of f ices sha l l  be n o t i f i e d  i f  
the  100-mrem i n  a year dose I i m i t  cannot be achieved. 

Doses Not Included i n  Fvaluations. The pub1 i c  dose I im i ts  do 
no t  apply t o  doses from medical exposures, consumer products, 
and general l y  do not  apply t o  doses from natural l y  occurring 
rad i a t  i on sources o r  from exposures due t o  acc i dent 
cond i t  i ons, where contro I s o f  exposures cannot be ma i n ta  i ned . 
The po l i cy  and requirements r e l a t i n g  t o  p ro tec t ive  actions 
f o  I I owing the uncontro I I ed r e  I ease o f  rad i onuc I ides are se t  
f o r t h  i n  t h e  DOE 5500 se r ies  o f  d i r e c t i v e s .  Requirements f o r  
planning t o  prevent o r  m i t i ga te  accidents and t h e i r  e f fec ts  
are presented i n  DOE 5480.5 and DOE 5480.6. 

ons Tests. The unan- 
t i c i p a t e d  release o f  rad ioact ive material due t o  venting or  
seepage from underground nuclear weapons is  considered t o  be 
an accident. However, the  r e  I ease o f  rad i oact i ve mater i a I 
t h a t  resu I t s  from p I anned samp I i ng o r  reentry f o  I I ow i ng an 
underground nuc I ear weapons t e s t  i s not an acc i denta I 
condition, and sha l l  be cont ro l led  i n  accordance w i th  t h i s  
standard. 

Vert i ca I I i ne denotes change, 
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t ions.  Unusual circumstances could a f f e c t  a DOE a c t i v i t y  i n  
%a manner t h a t  t he  po ten t ia l  pub1 i c  dose could exceed an 
e f f e c t i v e  dose equivalent o f  100 mrem (1 mSv) i n  a year. 

(4) 

. .  (a) Jemporary hcreases  of Dose I l m l t .  I f  avoidance o f  t h e  h igher  
exposures i s  impracticable, the Manager o f  the DOE F ie ld  Of f i ce ,  
i n  coordination w i t h  t h e i r  Program Of f i ce ,  may request from EH-1 
spec i f i c  author i za t  i on f o r  a temporary pub I i c dose I i m  i t h i gher 
than 100 mrem (1 mSv), but  not t o  exceed 500 mrem (5 mSv), f o r  
the year. The temporary higher dose I i m i t  derives from ICRP 
recommendations (ICRP Publ icat ion 45) f o r  a p r inc ipa l  stochastic 
dose l i m i t  o f  100 mrem (1 mSv) e f f e c t i v e  dose equivalent i n  a 
year f o r  exposures t o  the  pub1 i c ,  and a subsidiary dose I im i t  o f  
500 mrem (5 mSv) e f f e c t i v e  dose equivalent i n  a year, f o r  some 
years, i f  the  dose averaged over a I i fe t ime does not  exceed t h e  
pr inc ipa l  l i m i t  o f  100 mrem (1 mSv) e f f e c t i v e  dose equivalent per 
year. The spec i f i c  sources excepted i n  paragraph I I .  l a (3 )  (b) are 
also excepted f o r  1 I . l a (4 ) (a ) .  

. .  
A request t o  . .  

(b) Jus t l f l ca t i on  for ll-m-ease of Pub1 i c  Dose L l m l t .  
EH-1 f o r  a dose I i m i t  higher than 100 mrem (1 mSv) shal I be 
accompanied by documentation t h a t  discusses the  need f o r  the  
increase, t he  a l te rna t ives  considered, and the  app l ica t ion  o f  
the  ALARA process. EH-1 may approve such a request, o r  a lesser 
increase i n  the  pub1 i c  dose I i m i t ,  as appropriate. 

b. A I rborne Em I S  s ions Onlv.. A l l  DOF Sources o f  R a d i o n u c l i a  To t h e  ex ten t  . .  
required by the  Clean A i r  Act, t he  exposure o f  members o f  t he  pub l ic  t o  
rad ioact ive materials released t o  the  atmosphere as a consequence o f  
rou t ine  DOE a c t i v i t i e s  sha l l  not  cause members o f  t he  pub l ic  t o  receive, 
i n  a year, an e f fec t i ve  dose equivalent greater than 10 mrem (0.1 mSv). 
Exposures t o ,  and r e  I eases o f ,  radon-220, radon-222, and the  i r respect i ve 
decay products are subject t o  DOE I i m i  t s  (See Figure I I 1-3 and paragraphs 
IV.4b and IV.6). 

The pub l ic  dose l imi ts  as ou t l ined  i n  
paragraph I I .l b are estab I ished by €PA regulat ion 40 CFR . P a r t  61, 
T i t l e  40 CFR Par t  61 ' 

Subpart H ,  under the  au tho r i t y  o f  t h e  Clean A i r  Act. These I im i ts  
apply o f f s i t e  where the  members o f  t he  pub1 i c  reside o r  abide. 
Subparts Q and T provide radon f l u x  I imits f o r  DOE radium storage and 
d i sposa I fac i I i t  i es (Chapter IV) and DOE inact ive uran i um m i  I I 
t a i  I ings s i t e s  regulated under 40 CFR Par t  192. 

(1) 

(2) AIRDOS/RADRISK Codes. To demonstrate compliance a n a l y t i c a l l y  w i t h  
a i r  emissions f o r  t he  Clean A i r  Act Standards, doses t o  the  - 
ind iv iduals  sha l l  be evaluated using the  version o f  AIRDOS/RADRISK 
known as CAP-88 o r ,  when avai lab le and approved, AIRDOS-PC. Other 
computer codes o r  models, such as "Comply Code," which are 
spec i f  i ca l  l y  approved i n  accordance w i th  40 CFR Par t  61, may a Is0 be 
used. 

Vertical l i ne  denotes change. 
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( 3 1 Fnv i r o t ~ ~ n t a  I Measurements 
through environmental o r  e f f l u e n t  measurements using EPA-approved 
techniques. I n  t h i s  case, t he  doses estimated are t o  ind iv iduals  
i n  areas o f f s i t e , 'where  they are assumed t o  reside a t  t he  po in t  o f  

maximum annual a i r  concentrat ion. 

Comp I i ance may a I so be demonstrated 

c .  A I  I ExDosure Modes. Sources from Management and Storage of S p a Z  
Nuclear Fuel , Hiah-l eve1 , and Transuranic Wastes a t  Disposal 

members o f  the. pub I i c t o  d i r e c t  rad i a t  i on o r  rad i oact i ve materia I 
released from DOE management and storage a c t i v i t i e s  a t  a d isposal  
f ac i  I i t y  f o r  spent nuclear material o r  f o r  high-level o r  transuranic 
rad ioact ive wastes t h a t  are JJQL regulated by the  NRC shal I not  cause 
members o f  the  pub1 i c  t o  receive, i n  a year, a dose equivalent greater 
than 25 mrem (0.25 mSv) t o  the  whole body o r  a committed dose 
equivalent greater than 75 mrem ( 0 . 7 5  mSv) t o  any organ. 

(1) 40 CFR P a r t  191. The dose I im i ts  as out1 ined in  paragraph I I .  IC, 
are establ ished by Section 191.03(b) o f  EPA regulat ion 40 CFR 
P a r t  191, Subpart A,  "Environmental Standards f o r  Management and 
Storage. " The imp I ementat i on o f  the  requ I rements o f  Subpart B , 
"Environmental Standards f o r  Disposal," i s  beyond the  scope o f  
t h i s  Order. DOE waste management and storage a c t i v i t i e s  a t  
f ac i  I i t i e s  other than disposal f a c i  I i t i e s  are subject t o  the  dose 
l i m i t s  ou t l ined  i n  paragraph 1 1 . 1 ~ .  The Waste Iso la t ion  P i l o t  
Plant, f o r  purposes o f  t h i s  Order, i s  considered t o  be a disposal 
f ac i  I i t y  subject t o  t h i s  Order and 40 CFR Part 191. Other 
requ i rements and guide I i nes f o r  the  management and storage o f  
spent nuclear fue l  and h igh- level  and transuranic waste a t  DOE 
fac i  I i t i e s  t h a t  are not  I icensed by the  NRC are given i n  DOE 
5820.2A. 

a c i l i t i e s ,  To t h e  extent requ i red by 40 CFR Par t  191 , the  exposure o f  . . .  

ements ,- DOE f a c i  I i t i e s  and operations, i n  some 
instances, are subject t o  t h e  regulatory requirements o f  t he  NRC 
and t h e  EPA, e . g . ,  10 CFR Parts 60 and 72 and 40 CFR Parts 61, 
191, and 192. I t  is  Departmental pol icy t h a t  DOE faci  I i t i e s  and 
operations w i  I I comply f u l  l y  w i th  the  requirements o f  those and 
other app I i cab I e regu I a to ry  requ i rements . I n add i t  i on, these same 
DOE f a c i  I i t i e s  and operations shal I comply w i th  a l  I appl icable 
requirements i n  t h i s  Order unless they are dup l i ca t ive  o r  c o n f l i c t  
w i th  any o f  t he  other Federal regulatory requirements. The 
reso lu t ion  o f  issues concerning dup l ica t ive  o r  c o n f l i c t i n g  
requirements w i l l  be conducted pursuant t o  the  issue coordination 
provisions o f  DOE 5400.2A. 

provide dose estimates f o r  exposure t o  concentrations o f  specif ic . 
radionucl ides i n  a i r  and water and selected exposure modes are 

(2) Peau I at0r-y Re% i r 

Dose conversion fac to rs  t h a t  (3)  Fva I uat ' On Of Fxposure Modes 
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provided i n  the documents Federal Guidance Report No. 11 (EPA-520/1- 
88-020), DOE/EH-0070 and DOE/EH-0071. Use o f  these factors  i s  
discussed i n  paragraph 11.6b. 

r i nk ina  Water Pathway Only. A l l  DOF Sources o f  Radionuclides. I t  i s  the  
pol icy  o f  DOE t o  provide a level o f  Protection f o r  persons consuming 
water  f rom a pub1 i c  dr inking water supply operated by the DOE, e i t he r  
d i r e c t l y  o r  through a DOE contractor, t ha t  i s  equivalent t o  t h a t  provided 
t o  the publ ic by the publ ic community dr inking water standards o f  40 CFR 
P a r t  141. These systems shal I not cause persons consuming the water t o  
receive an e f fec t i ve  dose equivalent greater than 4 mrem (0.04 mSv) i n  a 
year. Combined radium-226 and radium-228 shall not exceed 5x1W9 pCi/ml 
and gross alpha a c t i v i t y  ( including radium-226 but excluding radon and 
uranium) shal I not exceed 

(1) DOE Drinkina Water Svstems. The dose l i m i t  i s  consistent w i th  the 

. .  d.  

1 . 5 x 1 t 8  pCi/ml . 

drinking water c r i t e r i a  i n  40 CFR Part  141, "National Interim Primary 
Drinking Water Regulations (Safe Drinking Water Act ) . "  

(2) Dose Components. The dose l i m i t  i s  the e f fec t i ve  dose equivalent t o  
indiv iduals whose exclusive source o f  dr inking water  contains a 
radionucl ide, or a mixture o f  radionuclides, a t  a monthly average 
level o f  four percent o f  the appropriate DCG value. For simp1 i c i t y ,  
i t  i s  assumed t h a t  s i t e  workers are also exposed t o  four  percent o f  

DCG values or  the radium and gross alpha levels i n  I l . l d  f o r  dr inking 
water while away from the DOE s i t e . '  

( 3 )  lmpa c t  on 0th er Svstem s ,  The l i q u i d  ef f luents  from DOE a c t i v i t i e s  
shall not  cause pr ivate or  publ ic  dr inking water systems downstream 
o f  the f a c i l i t y  discharge t o  exceed the dr inking water radiological  
l i m i t s  i n  40 CFR Part 141. 

2. THE ALARA PROCFSS. F ie ld  Elements shal I develop a program and shal I require 
contractors t o  implement the ALARA Process f o r  a l l  DOE a c t i v i t i e s  and 
f a c i l i t i e s  t h a t  cause publ ic doses. 

a .  Considerations . ALARA requires judgment w i th  respect t o  what i s  
reasonably achievable. Factors t h a t  r e l a t e  t o  soc ieta l ,  technological,  
economic, and other publ ic po l i cy  considerations shal l  be evaluated t o  
the extent practicable i n  making such judgments. Factors t o  be 
considered, a t  a minimum, shal l  include: 

(1) The maximum dose t o  members o f  the pub1 i c ;  

(2) The co l l ec t i ve  dose t o  the population; 
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(3) Al ternat ive processes, such as a l te rna t i ve  treatments o f  discharge 

( 4 )  Doses f o r  each process a l ternat ive;  

(5) Costs f o r  each o f  the technological a l ternat ives;  

streams, operating methods, o r  controls;  

(6) Examination o f  the changes in-cost among al ternat ives;  

(7 )  Changes i n  societal  impact associated w i th  process al ternat ives,  
e . g . ,  d i f f e r e n t i a l  doses from various pathways. 

b. Eva I uat i ons A q u a n t i t a t i v e  c o s t - b e n e f i t  a n a l y s i s  ( e . g . ,  
optimization) could be performed, given the resu l t s  o f  the 
considerations noted i n  paragraph 11 .2a, above. However, the 
parameters needed t o  evaluate the cost-benef i t  analyses a r e  d i f f i c u l t  
t o  quanti fy, and evaluations themselves can be expensive. Furthermore, 
the evaluations include many,additional assumptions, judgments, and 
l imi ta t ions t h a t  are of ten d i f f i c u l t  t o  r e f l e c t  as uncertaint ies i n  the 
analyses, Therefore, except f o r  meeting requirements o f  the National 
Environmental Pol icy Act, qua l i t a t i ve  analyses are acceptable, i n  most 
instances, f o r  ALARA judgments, especial ly where potent ia l  doses are 

we1 I below the dose I im i t .  The bases f o r  such judgments should be 
documented. More detai led analyses should be considered i f  the 
decisions might r e s u l t  i n  doses t h a t  approach the I im i t .  

MANAGEMENT AN D CONTROL OF RA DlOACTlVE MA TFRIALS I N  LlQUl D DISCHARGES AN D 
PHASEOUT OF SOIL COLUMNS.. In  addi t ion t o  the requirement t o  I i m i t  dose t o  
members o f  the pub1 i c  (onsite or  o f f s i t e )  i n  accordance wi th  the standards 
establ ished in paragraphs I I . l a  and I I . I d ,  f u r the r  controls are imposed on 
I iquid releases t o  protect  resources such as land, surface water, ground 

water, and the related ecosystems from undue contamination. DCGs are not 
release l im i t s ,  but  rather are screening values f o r  considering BAT f o r  
these discharges and f o r  making dose estimates. The fo l lowing requirements 
apply a t  the  po int  o f  discharge from the conduit t o  the environment. 

Discharges of I i a u l d t e  t o  Surface Waters. 

(1) Rischarae a t  Greater Than DCG I evel .  For l i q u i d  wastes containing 
radionuclides from DOE a c t i v i t i e s  which are discharged t o  surface 
water, the best avai lable technology (BAT) i s  the prescribed level 
o f  treatment i f  the surface waters otherwise would contain, a t  the 
point  o f  discharge and p r i o r  t o  d i l u t i o n ,  radioactive material a t  
annual average concentrations greater than the DCG values in 
l iqu ids given i n  Chapter I l l .  The BAT select ion process shal l  be 

. .  a .  

Vert ical  l i ne  denotes change 
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i mp I emented i n accordance w i th  I I .3a (1 ) (a) and (b) , be I ow. 
Although there i s  no known pract icable method f o r  removing t r i t i u m  
from I iquid waste streams, f a c i  I i t i e s  and operations are t o  be 
designed and operated so t h a t  t r i t i u m  sources and releases are 
considered i n  the ALARA process. 

(a) BAT Selection, Selection o f  t he  best avai lab le  'technology f o r  a 
spec i , f  i c app I i ca t  ion w i I I be made from among cand i date 
a l te rna t i ve  treatment technologies which are i den t i f i ed  by an 
evaluation process t h a t  includes fac to rs  re la ted  t o  technology, 
economics, and pub I i c PO I i cy  considerations, Factors tha t  a r e  
t o  be considered in  se lect ing BAT, a t  a minimum, shal I include: 

1 

2 the process employed; 

2 

the  age of equipment and f a c i  I i t i e s  involved; 

the  engineering aspects o f  t h e  appl i ca t ion  o f  various types 
.o f  contro I techn i ques ; 

4 process changes; 

5 the  cost o f .  ach i ev i ng such e f f  I uent reduction; 

6 non-water qua I i t y  env i ronmenta I i mpact ( i nc I ud i ng energy 
requ i rements) ; 

1.. safety  considerations; and 

8 pub1 ic  pol i cy  considerations. 

BAT ana I yses are d i ff i cu I t  t o  express quant i t a t  i ve I y because t h e  
fac to rs  do not  have a common denominator. However, 
consideration o f  the  fac to rs  w i l l  permit q u a l i t a t i v e  evaluations 
which w i l l  support judgments. 

(b) Plan and Schedule for m i e m e n t a t  ion. A plan and schedule t o  
i n s t a l l  waste treatment systems i n  ex i s t i ng  f a c i l i t i e s ,  i f  

j u s t i f i e d  by a BAT analysis, sha l l  be developed w i th in  6 months 
o f  t he  issuance date o f  t h i s  Order, t o  permit compl iance w i th  
paragraph I I . 3 a ( l )  a t  t h e  ea r l  i e s t  pract icable time. The p lan  
sha l l  include an ALARA sect ion on t r i t i u m ,  where appl icable.  
General design c r i t e r i a  are presented i n  DOE 6430.1A. I 

I 
(c) Approval, The plan shal I be submitted f o r  approva I t o  the  

responsible DOE F ie ld  O f f i c e  Manager and updated annually, 
consistent w i th  the  prov is ions o f  DOE 5820.2A f o r  preparing 
and updating Waste Management Plans. 

ver t i ca l  l i ne  denotes change. 
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(2) Discharae a t  Less Than DCG Le ve l .  
I i qu i d  rad i oact i ve wastes i s not requ i red where rad i onuc I ides are a I ready 
a t  a low level ,  i . e . ,  . the  annual average concentration i s  less than DCG 
level .  I n  t h a t  case, the cost  consideration component o f  BAT analysis 
prec I udes the  need f o r  add i t  i ona I treatment, s i nce any add i t i ona I 
treatment wou Id  be unj us t  i f i ab 1 e on a cost-benef i t bas i s . Therefore, 
addi t ional  treatment w i  I I not  be required f o r  waste streams t h a t  contain 
radionucl ide concentrations o f  not  more than the DCG values i n  Chapter 
I I I a t  the p o i n t  o f  discharge t o  a surface waterway. However, the  ALARA 
provis ions are appl icable.  

l i q u i d  waste streams containing more than one type o f  radionucl ide sha l l  
be the  sum o f  the f rac t i ona l  DCG values. 

Implementation o f  t he  BAT process f o r  

( 3 )  Mul t ip le  Radionucl ides. For purposes o f  I I . 3 a ( l ) ,  above, the DCG f o r  

( 4 )  Sed i mentat i on ' To prevent the buildup o f  radionucl ide concentrations i n  
sediments, l i q u i d  process waste streams containing rad ioact ive mater ia l  
i n  the  form o f  se t t leab le  sol ids may be released t o  natural  waterways i f  
the concentration o f  rad ioact ive mater ia l  i n  the  sol ids present i n  the 
waste stream does not  exceed 5 pCi (0 .2 Bq) per gram above background 
leve l ,  o f  se t t leab le  sol ids f o r  a lpha-emit t ing radionucl ides o r  50 pCi 
(2 Bq) per gram above background leve l ,  o f  se t t leab le  sol ids f o r  beta- 

gamma-emitting radionucl ides.  

nat i ve an i ma I aquat i c organ i sms, the absorbed dose t o  these organ i sms 
sha l l  not  exceed 1 rad per day from exposure t o  the  rad ioact ive mater ia l  
i n  l i q u i d  wastes discharged t o  natural  waterways. DOE publ icat ion 

DOE/EH-O173T prov ides gu i dance on mon i t o r  i ng and ca I cu I a t  i ng dose f o r  
aquatic organisms. 

(5) In ter im Dose L i m i t  f o r  Native Aauatic Animal Organisms. To pro tec t  

New f a c i  I i t i e s  shal I be designed and constructed t o  meet . . .  
the  discharge requirements shown i n  paragraph I1 .3a.  

( 6 )  New F a c l l l t l e s .  

The use o f  so i l  columns ( i . e . ,  Columns. 
trenches, c r i bs ,  ponds, and dra in  f i e l d s )  t o  re ta in ,  by sorpt ion o r  ion 
exchange, suspended o r  dissolved radionuclides from l i q u i d  waste streams 
sha I I be discontinued a t  the  ear l  i e s t  pract icable t ime in  favor o f  an 
acceptable a l t e rna t i ve  disposal means. DOE a c t i v i t i e s  t h a t  cu r ren t l y  
d i scharge I i qu ids conta i n i ng rad i oact i ve mater i a I s no t  f i r s t  t rea ted  by 
BAT t o  soi I columns, shal I develop, within 6 months o f  the issuance date 
o f  t h  i s Order, a p I an and schedu I e f o r  imp I ement i ng a I ternate acceptab I e 
disposal  a t  t h e  e a r l i e s t  p rac t i cab le  t ime .  The BAT se lec t i on  process 
shal I be appl ied t o  those I iqu id  waste streams t h a t  w i  I I continue t o  be 
d i scharged t o  so i I co I umns f o r  i ndef i n i t e  periods and wh i ch conta i n  
process-der i ved .rad i onuc I ides. The p I an sha I I be submitted f o r  approva I 

(1 1 Phasi ng out  the  Use of Soi I 

Vert ical  l i ne  denotes change. 
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t o  the respective DOE F i e l d  Of f ice Manager and updated annually, 
consistent wi th  the provisions o f  DOE 5820.2A f o r  preparing and 
updating Waste Management Plans. 

. .  . . .  
(2) Prohlb l t lon of New o r  lf-lcreased Discharge Quan t l t l es  and New so i t  

Columns. Except as permitted by the provisions i n  paragraph 
11 .3e( I ) , new .or i ncreased discharges o f  rad i onuc I ides i n  I i qu i d 
waste t o  act ive soi I columns and v i r g i n  soi I columns shal I be 
proh i b i ted a f t e r  the e f f e c t i v e  date o f  t h  i s Order. 

C .  n t  o f  Sol I Columns. Natural Drainaae SvsLems. and Ground Water at; 
a c t i v e  S i tes  PreviousIyContaminated w i t h  Radioactive Ma te r ia l .  

ive Re ceDtors. . Contaminated s o i l  columns, drainage systems, and 
groundwater t o  which contaminated l i q u i d  discharges have been 
discontinued shal l  be managed or  decontaminated pursuant t o  the 
procedures and requirements o f  DOE 5480.4  and in  the 5400 ser ies.  

(1) Inact 

(2) Discharge o f  0 t h  e r  L iau ids .  L iqu id  discharges, even though 
uncontam i nated , are proh i b i ted i n i'nact i ve r e  I ease areas t o  prevent 
the fu r the r  spread o f  radionuclides previously deposited. 

Discharges o f  I iau id Waste t o  Sani tary Sewer- The BAT se lec t i on  
process sha I I be imp I emented i f .  I i qu i d  wastes d i scharged f rom DOE 
a c t i v i t i e s  i n to  sani tary sewerage contain radionuclides a t  
concentrations, averaged monthly, would otherwise be greater than f i v e  
times the DCG values f o r  I iquids given i n  Chapter I I I a t  the point  o f  
discharge. That i s ,  the BAT select ion process shal I be implemented i f  
the t o t a l  o f  the f rac t i ons  o f  the average concentrations f o r  each 
radionucl ide t o  i t s  respective DCG value would otherwise exceed 5 .  

. .  
d .  

(1) Discharges t o  publ ic  sewers should be coordinated w i th  the operators 
o f  the waste water treatment works. 

(2) Concentrations shal l  be contro l led so t h a t  long-term buildup o f  
radionuclides i n  so l i ds  w i l l  not  present a handling and disposal 
problem a t  sewage disposal p lants.  

(3) L iqu id wastes containing concentrations or  quant i t ies  o f  radioact ive 
materials tha t ,  when averaged monthly, are greater than those 
speci f ied in paragraph I I .3d may be discharged in to  a chemical or  
sani tary sewerage system (e.g. ,  systems with dra in  f i e l d s  excepted) 
i f  the system i s  owned by the Federal Government. However, ALARA 
process considerat ions are required. Such a sewerage system w i l l  
provide l i q u i d  waste treatment p r i o r  t o  discharge t o  surface waters 
i n accordance w i t h  the requ i rements o f  paragraph 1 1 .3a (1 ) . 

(4) Operators should ensure t h a t  the t o t a l  annual discharge of 
radioact ive material t o  the sani tary sewer system w i l l  not  cause 

Vert ical  l i n e  denotes change. 
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exposures t o  members o f  the general publ ic  t h a t  w i l l  r e s u l t  i n  doses 
exceeding a smal I f r a c t i o n  o f  the basic annual dose I imi t .  

. .  e .  m t i o n s  f o r  Liquid Waste Control R e q u i r w n t s .  

(1) I nter i m Contro I Strateai es .  
f o r  DOE a c t i v i t i e s  t h a t  cannot comply, when t h i s  Order i s  issued, 
wi th requirements shown i n  paragraph 11 .3 ,  shal l  develop an inter im 
control strategy wi th  adequate documentation ident i fy ing the a l te rn -  
a t  i ves cons i dered and eva I uat  i on thereof.  Such i nter i m contro I 
strategies shal l  be adopted and implemented under the provisions o f  
DOE 5820.2A, Chapter I l l ,  paragraph 3a(2) ,  w i th in  6 months o f  the 
issuance o f  t h i s  Order, and shal l  be reevaluated every 2 years 
thereafter. 

DOE F i e I d O f f  i ce Managers respons i b I e 

(2) Tri t ium Control , There i s  no pract icable technology avai lable f o r  
remov i ng tr i t i um f r o m  d i I Ute I i qu i d  waste streams. 
process a l ternat ives t h a t  reduce the amount 'of t r i t i u m  entering the 
l i q u i d  waste streams shal l  be i d e n t i f i e d  and evaluated i n  accordance, 

w i th  the DOE ALARA pol icy .  Tr i t ium decay i n  t r a n s i t  i n  confined 
ground water may be an acceptable a l t e rna t i ve  t o  d i r e c t  release t o  
t h e  atmosphere o r  t o  surface waters. A desc r ip t i on  and summary o f  
the a l ternat ives considered i n  the control o f  t r i t i u m  releases shal l  
be incorporated i n to  the s i t e  Waste Management Plan required by 
DOE 5820.2A. 

Therefore, 

4 .  f l f l  The requirements f o r  the 
management o f  low-level wastes are presented i n  DOE 5400.1 and DOE 5820.2A. 
Design, operational, and monitoring requirements f o r  disposal o f  s o l i d  
low-level waste containing no consti tuents regulated by The Resource 
Conservation and Recovery Act (RCRA) are addressed i n  DOE 5820.2A. 

a.  Release of Rea I Property. Release o f  real  property (land and structures) 
shal l  be i n  accordance w i th  the guidel ines and requirements f o r  residual 
rad ioact ive mater ia l  presented i n  Chapter I V .  These guide l ines and 
requirements apply t o  both DOE-owned f a c i l i t i e s  and t o  p r i va te  propert ies 
t h a t  are being prepared by DOE f o r  re lease. Real proper t ies owned by DOE 
t h a t  are being sold t o  the pub1 i c   are^ subject t o  the requirements o f  
Section 120(h) o f  the Comprehensive Environmental Response Compensation 
and L i a b i l i t y  Act (CERCLA), as amended, concerning hazardous substances, 
and t o  any other appl icable Federal, State,  and local  requirements. The 
requirements o f  40 CFR Part  192 are appl icable t o  propert ies remediated 
by DOE under T i t l e  I o f  the Uranium M i  I I Tai I ings Radiation Control Act 
(UMTRA) . 

b.  Pelease o f  Personal Property, Personal property, which p o t e n t i a l l y  could 
be contaminated, may be released f o r  unrestr icted use i f  the resu l t s  of a 

Vertical l ine denotes change. 
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survey w i t h  appropriate instruments ind icate t h a t  the  property i s  less than 
the contamination l i m i t s  presented i n  Figure IV-1. 

C. 

Pr io r  t o  being released, property shal I 
be surveyed t o  determine whether both removable and t o t a l  surface 
contamination ( Inc lud ing contamination present on and under any 
coating) are i n  compl iance w i th  the  leve ls  given i n  Figure IV-1 and 
t h a t  t he  contamination has been subjected t o  the  ALARA process. 

po ten t ia l  l y  contaminated i f  i t  has been used or stored i n  rad ia t ion  
Potent i a I for Contam i nat i on 

areas t h a t  could contain unconfined rad ioact ive material o r  t h a t  are 
exposed t o  beams o f  p a r t i c l e s  capable o f  causing ac t i va t i on  
(neutrons, protons, e tc  . ) . 

(3)  Surveys. Surfaces o f  po ten t ia l  l y  contaminated property shal I be 
surveyed using instruments and techniques appropriate f o r  detecting 
the  l i m i t s  stated i n  Figure IV-1. 

(1 ) Surface Contam i nat i on Leve I s * 

Property shal I be considered t o  be (2) 

(4 )  Where potent ia  I l y  contaminated surfaces are no t  
accessible f o r  measurement (as i n  some pipes, dra ins,  and ductwork), 
such property may be released a f t e r  case-by-case evaluation and 
documentation based on both the  h i s t o r y  o f  i t s  use and avai lab le  
measurements demonstrate t h a t  t he  unsurveyable surfaces are l i k e l y  t o  
be w i t h i n  the  l i m i t s  given i n  Figure I V - 1 .  

(5) Records, The records o f  released property shal I include: 

(a) A descr ip t ion  o r  i d e n t i f i c a t i o n  o f  t he  property; 

(b) The date o f  t he  l a s t  rad ia t i on  survey; 

(c) The i d e n t i t y  o f  the  organization and the  individual who 
performed the  monitoring operation; 

(d) The type and i d e n t i f i c a t i o n  number o f  monitoring instruments; 

(e) The resu l rs  o f  t he  monitoring operation; and 

(f) The i d e n t i t y  o f  t he  rec ip ien t  o f  t h e  released mater ia l .  

No guidance i s  cu r ren t l y  ava i lab le  f o r  release 
o f  material t h a t  has been contaminated i n  depth, such as act ivated 
material o r  smelted contaminated metals (e .g . ,  r a d i o a c t i v i t y  per u n i t  
volume O r  per u n i t  mass). Such mater ia ls  may be released i f  c r i t e r i a  
and survey techniques are approved by EH-1. 

(6) Volume Contamination, 

Vertical l i ne  denotes change. 
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6.  PEMONSTRAT I ON 0 F COMPLIANCE WITH THE DOSE L IMITS. Compliance w t h  the  dose 
I im i ts  o f  t h i s  Order shal I be demonstrated by documentation o f  
comb i nat i on o f  measurements and ca I cu I a t  i ons t o  eva I uate potent i a I doses and 
the  resu l t s  o f  the evaluations. 

n appropriate 

a .  Mon i t o r  i na and Surve i I I ance. Genera I requ i rements f o r  rou t  i ne e f f  I uent 
mon i t o r  i ng are p a r t  o f  the  env i ronmenta I mon i t o r  i ng p I an prescr i bed i n 
DOE 5400.1. Spec i f i c  requirements f o r  rad io log ica l  e f f l u e n t  monitoring 
and environmental surve i l lance and t h e i r  schedule o f  implementation 
are prescr i bed i n DOE pub I i ca t  i on DOE\EH-O173T which dea Is  w i th  rad i 0- 
log ica l  e f f l u e n t  monitoring and environmental surveil lance. The 
monitoring requirements are appl icable t o  a l l  DOE and DOE contractor 
operations t h a t  are subject t o  the  standards and requirements o f  t h i s  
Order. 

t 

b .  Dose Evaluations. Doses t o  members o f  t he  pub1 i c  i n  the  v i c i n i t y  o f  DOE 
a c t i v i t i e s  sha l l  be evaluated and documented t o  demonstrate compliance 
w i th  the  dose l i m i t s  o f  t h i s  Order and t o  assess exposures o f  the  pub l ic  
from unplanned events. Co l lec t i ve  doses t o  the  pub l ic  w i th in  80 km o f  
t he  s i t e  shal I also be evaluated and documented a t  least annual l y .  

(1) k d e l i m  Analy t ica l  models used f o r  dose evaluations sha l l  be 
appropriate f o r  charac ter is t i cs  o f  emissions (e .g . ,  gas, l i q u i d ,  o r  
p a r t i c l e ;  deposit ing o r  non-depositing; buoyant o r  non-buoyant); mode 
o f  release (e .g . ,  stack or  vent; c r i b  o r  pond; surface water o r  
sewer; continuous or  i n te rm i t ten t ) ;  environmental t ranspor t  medium 
(e.g.  , a i r  o r  water) ; and exposure pathway (e .g . ,  inhalat ion;  
ingestion o f  food, water, o r  m i  I k ;  d i r e c t  rad ia t i on ) .  Information on 
d i spers ion ( t ranspor t  and d i f f u s  i on) i n the  env i ronment , demography, 
land use ( inc lud ing the  loca t ion  and number o f  da i ry  and slaughter 
animals), food suppl ies, and exposure pathways used i n  the  dose 
ca lcu lat ions sha l l  be appropriate t o  evaluate actual and po ten t ia l  
doses i n  the  environs o f  DOE f a c i  I i t i e s .  Such information shal I be 
updated as necessary t o  document s i gn i f  i cant changes t h a t  cou I d 
a f f e c t  dose evaluations. Dose evaluation models t h a t  are cod i f i ed ,  
approved, o r  accepted by regu I a to ry  o r  other au tho r i t i es  sha I I be 
used where appropriate, such as t h e  AIRDOS/RADRISK codes f o r  
demonstrating compl iance w i t h  40 CFR P a r t  61, Subpart H .  

(2) Dose Conversion Factors ' Except as provided i n  paragraph 
I I .6b(2) (d) , tab  I es o f  approved dose conversion fac to rs  i n paragraphs 
I I .6b(2)(a), (b), and (c), below, shal I be used t o  evaluate doses 
unless otherwise legal l y  required, e . g . ,  use o f  AIRDOS/RADRISK codes 
pursuant t o  40 CFR P a r t  61, Subpart H .  

(a) Committed Dose Conversion Factors, Radionuclides taken i n t o  the  
body, general ly by exposure modes whereby the  radionucl ide i s  
ingested or  inhaled, wi I I continue t o  i r rad ia te  the  body as long 
as they e x i s t  and a;e re ta ined by the  body. The dose del ivered 
t o  a body over the l i f e t i m e  o f  t he  individual from a s ing le  

Vert ical l i ne  denotes change. 
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committed dose convers ion fac to rs  sha I I be used, as appropr i a te ,  
and are presented i n EPA-520/1-88-020, Federa I Guidance Report 
No. 11, "L imi t ing  Values o f  Radionuclide Intake and A i r  
Concentration and Dose Conversion Factors f o r  Inhalat ion,  
Submers i on, and I ngest i on, " and i n DOE/EH-0071, I nterna I Dose 
Conversion Factors f o r  Calcu lat ion o f  Dose t o  the  Pub1 i c . "  
These conversion fac to rs  are based upon the  ICRP reference man 
model, and the  committed dose i s  t he  dose integrated over an 
interval o f  50 years. 

The doses from exposure t o  
external rad ia t i on  from radionucl ide concentrations i n  a i r  and 
i n  water t h a t  r e s u l t  from submersion o r  from exposure t o  
contam i nated p I ane surfaces sha I I be estimated, as appropr i a te,  
using t h e  external dose conversion fac to rs  presented i n  EPA- 
520/1-88-020, Federa I Gu i dance Report No. 11 , 'I L i m i t  i ng' Va I ues 
o f  Radionuclides Intake and A i r  Concentration and Dose 
Conversion Factors f o r  Inhalat ion,  Submersion, and Ingestion" 
and in  DOE/EH-0070, "External Dose-Rate Conversion Factors for 
Calcu lat ion o f  Dose t o  the  Pub1 i c . "  

(b) Externa I Dose Conversion Factors ' 

(c) Derived Concentration Guides !DCG). DCG values are presented as 
reference values, i n  Chapter I l l  f o r  each o f  three exposure 
modes: 
submersion i n  a semi - i n f i n i t e  cloud o f  a i r  containing the  
radionucl ide; and ingestion o f  water containing t h e  
radionucl ide. 
three exposure modes upon which they are based. 

inhalat ion o f  a i r  containing the  radionucl ide; 

The DCG tab les may be used t o  evaluate on ly  the  

( d l  Dther Methods and Alternatives. Methods and a I t e rna t  i ves other 
than those discussed above and as prescribed i n  appl icable 
regulat ions sha l l  be submitted t o  EH-1 f o r  approval. EH-1 may 
approve t h e  a l te rna t i ve  method, i f  appropriate. 

(3 )  Ea-ametric Considerations. 

(a) Dose I im i t s  f o r  members o f  the  general pub1 i c ,  from rou t ine  ' 

operation o f  a DOE a c t i v i t y ,  sha l l  be expressed as a dose 
received by the  ind iv iduals  dur ing the  year ( i f ,  f o r  example, 
t he  exposure i s  external t o  t h e  body) o r  t he  committed dose 
received by the  individual over a period o f  50 years from 
radionucl ides taken in to  the  body during t h e  year. The I imi ts  
should no t  be interpreted as dose r a t e s  per se, especia l ly  no t  
i n  the  sense o f  instantaneous dose ra tes .  

(b) Doses calculated should be as r e a l i s t i c  as pract icable.  
Consequent I y , t he  i nd i v i  dua I s subject t o  the  greatest exposure 
shal I be ident i f ied,  t o  the  extent  pract icable,  so t h a t  the  
highest dose might be determined. 

11-13 
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Dose l i m i t s  apply t o  actual o r  committed doses t o  real  
individuals. Consequently, a l l  factors  germane t o  dose 
determination should be appl ied.  A l t e r n a t i v e l y ,  i f  ava i l ab le  
data are not s u f f i c i e n t '  t o  evaluate these factors  o r  i f  they are 
too cost ly  t o  determine, the assumed parametric values shal l  be 
s u f f i c i e n t l y  conservative so t h a t  i t  i s  un l i ke l y  t h a t  
indiv iduals would actual ly  receive a dose t h a t  would exceed the 
dose calculated using the values assumed. 

Parametric values used i n  performing dose calculat ions shal l  be 
recorded. 

Col lect ive pub1 i c  dose i n  the environs o f  a s i t e  w i th  mul t ip le  
emission points may be estimated using the assumption t h a t  a l  I 
emissions occur from a s ing le po in t  cen t ra l l y  located on the 
si te,  Guidance on combining emission points i s  provided i n  EPA- 
450/477-001 , "Gu i de I i nes f o r  A i  r Qua I i t y  Ma i ntenance P I ann i ng 
and AnaIysi,s," V o l .  10, Revised: Procedures f o r  Evaluating A i r  
Qua I i t y  Impact o f  New Stationary Sources. 

The assumption o f  a s ingle po in t  o f  emission, as discussed in  
11.6b(3)(e), may be used t o  calculate publ ic  dose f o r  the 

maximal l y  exposed indiv iduals i f  the emission points are close 
t o  one another r e l a t i v e  t o  the distance t o  the s i t e  boundary. 
Otherwise, the pub1 i c  dose t o  the maximal l y  exposed indiv iduals 
shou I d be determ i ned tak i ng i nto cons i derat i on the actua I 
locations o f  emissions on the s i t e  with respect t o  the o f f s i t e  
locations. 

7 .  REPORTING RFOUIRFMFNTS. I n  addi t ion t o  the report ing requirements o f  DOE 
5400.1 and DOE 5484.1, the responsible DOE F i e l d  O f f i ce  Manager shal I n o t i f y ,  i n  
a t imely manner, the relevant Program Off ice(s) and the Deputy Assistant 
Secretary f o r  Environment (EH-20) o f  actual o r  potent ia l  exposures o f  members 
o f  the pub1 i c  t h a t  could r e s u l t  i n  e i t he r  an e f f e c t i v e  dose equivalent from 
DOE sources exceeding 10 mrem (0.1 mSv) in a year; o r  exceeding any I i m i t  o r  
not meeting any other requirement speci f ied i n  t h i s  Order or any other legal l y  
applicable l imi ts ,  o r  a combined dose equal t o  o r  greater than 100 mrem 
(1 mSv) e f f e c t i v e  dose equivalent i n  a year due t o  DOE and other man-made 
sources o f  rad i a t  i on (med i ca I , consumer products, and natura I sources 
excepted), For purposes o f  determining compl iance w i th  the report ing 
requirements o f  40 CFR Parts 302 and 355, releases o f  source, by-product, and 
special nuclear material t h a t  occur from DOE a c t i v i t i e s  are considered t o  be 
"Federal l y  permitted" releases i f  they do not  exceed the I imi ts  speci f ied i n  
t h i s  Order & the operations and releases are i n  compl iance w i th  DOE 
po I i c i es, and gu i de I i nes, and requ i rements spec i f i ed i n DOE Orders, i nc I ud i ng 
DOE 5820.2A. 

Vert ical l ine denotes change. 
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8. RECORDS. 

a .  Content. Records developed sha l l  include information and data necessary 
t o  i d e n t i f y  and characterize releases o f  rad ioac t ive  material t o  the 
environment, t h e i r  f a t e  i n  the  environment, and t h e i r  probable impact on 
rad ia t i on  doses t o  the  pub l i c .  Basic information used assess compliance 
w i t h  the  requirements o f  t h i s  Order pursuant t o  paragraph I I .6 ,  and the  
r e s u l t s  o f  such assessments, sha l l  be incorporated as p a r t  o f  the  record. '  

b .  Retention. Information and data developed pursuant t o  t h i s  Order sha l l  
be reta ined consis tent  w i t h  the  requirements o f  DOE 1324.2A and other 
legal ly  applicable requirements. I 

9. UNITS, A I  I repor ts ,  not i f icat ions,  and records developed pursuant t o  DOE 
Order requirements shal I present data i n  the  u n i t s  used i n  the appl icable 
regu la t ion  o r  DOE Order. 

V e r t  i ca I I i ne denotes change. 
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1. PURPOSE. The Derived Concentration Guide (DCG) values l i s t e d  i n  t h i s  
chapter are prov i ded as reference va I ues f o r  conduct i ng rad i o I og i ca I 
env i ronmenta I protection programs a t  operat i ona I DOE fac i I i t  i es and 
si tes,  Der i ved A i  r Concentrations (DAC) gu ides f o r  contro I I i ng 
occupational intake o f  radionuclides through inhalation are l i s ted  i n  
DOE 5480.11. 

2 .  BASIS. The DCG values are presented f o r  each o f  three exposure modes: 
1) ingestion o f  water; 2) inhalation o f  a i r ;  and 3) immersion i n  a gase- 
ous cloud. The DCG values fo r  internal exposure shown in  Figure I I 1-1 
are based on a committed ef fect ive dose equivalent o f  100 mrem f o r  the 
radionucl ide taken into the body by ingestion o r  inhalation during one 
year. To use the DCGs f o r  comparison with the DOE drinking water systems 
c r i t e r i o n  o f  4 mrem/yr (0.04 mSv/yr) , use 4 percent o f  the DCG values f o r  

. ingestion. Compl iance wi th  the 40 CFR Part 61, Subpart H ,  c r i t e r i o n  of 
10 mrem/yr (0.10 mSv/yr) e f fec t  i ve dose equ i va I ent i s demonstrated us i ng 
the AIRDOS/RADRISK models prescribed by the EPA. A l ternat ive 
gastrointest inal- t ract  (GI-tract) absorption factors (f,) and lung reten- 
t i o n  classes (noted as D,  W,  or  Y i n  the Task Group Lung Model used t o  
produce the inhalation dose factors reported i n  ICRP Pub1 icat ion 30) are 
I isted f o r  speci f ic  compounds, by element, i n  Figure I 11-2 f o r  
cross-referencing w i t h  the internal DCGS i n  Figure 111-1. The data i n  
Figure 111-2 are l i s t e d  in alphabetical order, by element name. Removal 
half-t imes assigned t o  the compounds with lung retention classes D, W, 
and Y are 0 . 5 ,  50, and 500 days, respect ively.  The a i r  immersion DCG 
values shown i n  Figure I I 1-3 are based on an ef fect ive dose equivalent o f  
100 mrem from exposure during one year. Figure 111-1 contains s i x  
co I umns o f  i nformat i on : Rad i onuc I i de/Chem i ca I Form/ Isomer Ha I f - L  i f e ;  f, 
Value (GI-tract absorption); Ingested Water DCG ( pCi//mL); Inhaled A i r  DCG 
f o r  Lung Retention Class D ( pCi/mL); and Inhaled A i r  DCG f o r  Lung 
Retention Class W ( pCi/mL); and Inhaled A i r  DCG f o r  Lung Retention Class 
Y ( pCi/mL). Figure 111-2 contains f i v e  columns o f  information: 
Element/Symbol; Atomic Number; compound; f ,vaIue;  and Lung Retention 
C I ass. 
Radionuclide; Hal f - I  i f e  i n  un i ts  o f  seconds (s) ,  minutes (min), hours 
(h) , days (d) , o r  years (yr )  ; and A i r  Immersion DCG ( pCi ;mL) . 

a.  

Figure I I I -3  contains three co I umns o f  i nformat i on: 

Fxposure Cond i t  I ons f o r  I ngest i on o f  Water and I nha I a t  i on. Under 
conditions o f  continuous exposure, members o f  the pub1 i c  are assumed 
t o  ingest 730 I i t e r s  o f  drinking water o r  t o  inhale 8,400 cubic 
meters o f  a i r  ( f o r  exposure o f  24 hours per day, 365 days per year), 
as given f o r  the "reference man" i n  ICRP Pub1 ication 23. 
single modes o f  exposure were considered i n  the the 
DCGs - that  i s ,  they apply t o  either inhalation QT ingestion, not t o  

. .  
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a combination of both. The dose factors used to calculate the DCG 
va I ues for i nterna I exposure were taken from the report '' I nterna I 
Dose Conversion Factors for Calculation of Dose to the Pub1 ic" 
(DOE/EH-0071). For ingestion, DCG values are tabulated for al I 
values of f,for each radionuclide given in ICRP Publication 30, as 
mod i f i ed for severa I transuran i c e I ements by I CRP Pub I i cat i on 4 8 .  
For inhalation, DCG values are given for all combinations of f,and 
lung retention class (D, W ,  or Y) given by the ICRP, as tabulated in 
Figure 111-2. 
specific data for an airborne or I iquid release are lacking, the f, 
value that results in the most restrictive DCG for ingested water or 
inhaled air should be used. 

For radionuclides with multiple f,Iistings, where 

Exposure Cond I t I ons for Ai r I m s  i on. The a i r i mmers ion DCGs were 
calculated for a continuous, nonshielded exposure via immersion in a 
semi-infinite atmospheric cloud. 
to calculate the DCG values for air immersion were taken from the 
report "Externa I Dose-Rate Conversion Factors for Ca I cu I at i on of 
Dose to the Public" (DOE/EH-0070). The DCG value for air immersion 
I isted in Figure I I 1-3 for a given radionucl ide is determined either 
by a I imit on annual effective dose equivalent, which provides a 
limit on stochastic radiation effects, or by a limit on annual dose 
equivalent to any organ, which provides a limit on nonstochastic 
radiation effects. For most of the radionucl ides I isted in 
Figure I I 1-3, the DCG value is determined by the I imit on annual 
effective dose equivalent. 
is determined by the I imit on annual dose equivalent to skin are 
indicated in the figure by an appropriate footnote. Again, the DCGs 
listed in Figure 111-3 account only for immersion in a semi-infinite 
cloud and do not account for inhalation or ingestion exposures. 
Three classes of radionucl ides are included in the air immersion 
DCGs given in Figure 111-3, as described below. 

. .  b .  

The dose conversion factors used 

Thus, the few cases where the DCG value 

Class 1 .  The f i rst c I ass of rad i onuc I ides i nc I udes se I ected 
nob I e gases and short- I i ved activation products that occur in 
gaseous form. For these radionuclides, inhalation doses are 
negl igible compared to the external dose from immersion in an 
atmospheric cloud. 

which a DCG value f o r  inhalation has been calculated (using the 
ICRP inhalation dose equivalent factors), but for which the DCG 
value for external exposure to a contaminated atmospheric cloud 
is more restrictive (i .e., results in a lower DCG value). 
These radionucl ides general ly have half- I ives of a few hours or 

7 .  The second class of radionucl ides includes those for 
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less, o r  are eliminated from the body fo l lowing inhalat ion 
s u f f i c i e n t l y  rap id ly  t o  I im i t  the inhalat ion dose. 

(3)  Class 3 ,  The t h i r d  class o f  radionucl ides includes selected 
isotopes w i th  re la t i ve l y  short  h a l f - l i v e s  t h a t  were not con- 
sidered in  ICRP Publ icat ion 30. These radionuclides t y p i c a l l y  
have ha I f -  I ives tha t  are less than 10 minutes, they do not 
occur as a decay product o f  a longer- I ived radionucl ide, or  
they lack s u f f i c i e n t  decay data t o  permit internal dose calcu- 
lat ions.  These radionucl ides are also t y p i f i e d  by a rad io-  
ac t i ve  emission o f  h igh ly  intense, high-energy photons and 
rap id  removal from the body fo l lowing inhalat ion.  

C .  Appl i ca t ion  t o  Mixtures o f  Radionucl ides. The DCG values are given 
f o r  indiv idual  radionuclides. For known mixtures o f  radionuclides, 
the sum o f  the r a t i o s  o f  the observed concentration o f  each rad io-  
nucl ide t o  i t s  corresponding DCG must not  exceed 1 . O .  

3 .  LIMITATIONS. The values given ,in Figures I 11-1 and I 11-3 account f o r  
only three exposure pathways ( i i  jested water o r  inhaled a i r  or  a i r  immersion) 
and do no t  include other  potent a l l y  s i g n i f i c a n t  pathways. When more complex 
environmental pathways are invo ved, a more complete pathway analysis i s  
required f o r  ca lcu lat ing publ ic  rad iat ion doses resu l t ing  from the operation 
o f  DOE fac i  I i t i e s .  
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Ingested 
Water DCG Inha led  A i r  DCG (PI 

2. E-03 -y l . E - 0 7 8  - 
- 2. E-02 

Be-7 5.E-03 1 .E-03 5. E-08 4.E-08 
Be-10 5.E-03 3.E-05 4.E-10 3.E-11 

C - 1 1  (Org) - 1 .E-02 1 .E-06 

c-11 (CG) - ' l .E-06 

C-14 (CG) - 5.E-07 - 

c-11 (CO) 3.E-06 - 
C-14 (Org) 7.E-05 6.E-09 
.C-14 (CO) 4.E-06 - 

F-18y 1. E+OO 1 .E-03 2.E-07 2.E-07 2.E-07 

Na-22y 1. E+OO 1 .E-05 1 .E-09 
Na - 24 1. E+OO 1 .E-04 1. E-08 

Mg-28 5.E-01 2.E-05 4.E-09 3.E-09 - 

A1 - 2 6  1 .E-02 1 .E-05 l .E-10 2.E-10 

S i  -31 1 .E-02 3.E-04 6.E-08 ' 7.E-08 6.E-08 
S i  -32 l .E-02 8.E-05 6.E-10 3.E-10 1.E-11 

9-32 8.E-01 2.E-05 2.E-09 9.E-IO 
P-33 8.E-01 2.E-04 2.E-08 6.E-09 

s-35 8.E-01 3.E-04 4.E-08 5.E-09 - 
l .E-01 2.E-04 - 

5-35 (Gas) - 3.E-08 - - 
C 1 - 3 &  1 .Et00 .5. E -05 6.E-09 6.E-10 - 
C 1 - 3 8  1. E+OO 9.E-04 1 .E-07 1 .E-07 
c1-39 1. E+OO 1 .E-03 1 .E-07 1 .E-07 

K-40 1. E+OO 7.E-06 9 .E-I0  - 
K-4Z2/ 1. E+OO 1 .E-04 l .E-08 - 
K-43 1. E+OO 2.E-04 2.E-08 - 
K-44 1. E+OO 9.E-04 2.E-07 - - 

Figure 111-1 

Ingested Water and Inhalation Resulting in 100 mrem/yr 
Derived Concentration Guides (DCGs) for Members of the Pub1 ic from 



DOE 5400.5 
2-8-90 

Radionuclide 

K-45 

Ca-41  
C a - 4 5  
Ca-47 

sc-43 

sc - 44 
SC - 46 
s c - 4 7  
SC-48 
sc - 49 

sc - 4 4 9  

v - 4 7  
V-48 
v - 4 9  

Cr-48 

~ r - 4 &  

Cr-51 

Fe - 52 
Fe-55  
Fe-59 
Fe-60 

CO-55 

CO - 56 

f 1 
Value 

1. E+OO 

3.E-01 
3 .E-01 
3.E-01 

1 .E-04 
1 .E-04 
1 .E-04 
1 .E-04 
1 .E-04 
1 .E-04 
1 .E-04 

1 .E-02 
1 .E-02 

1. E-02 
1 .E-02 
1 .E-02 

1 .E-01 
1 .E-02 
1 .E-01 
1.E-02 
1 .E-01 
1 .E-02 

1 .E-01 
1.E-01 
1 .E-01 
1 .E-01 
1 .E-01 
1 .E-01 

1 .E-Dl  
I .E-01 
1.E-01 
1 .E-01 

5.E-02 
3.E-01 
5.E-02 

Ingested 
Water DCG 
j l l C  I /mL ) 

1 .E-03 

1 .E-04 
5.E-05 
2.E-05 

2.E-04 
1 .E-05 
1 .E-04 
2.E-05 
7.E-05 
2.E-05 
6.E-04 

7.E-06 
2.E-04 

9.E-04 
2.E-05 
3.E-03 

2. E-04 
2.E-04 
8.E-04 
8.E-04 
1 .E-03 
1 .E-03 

6.E-04 
9.E-04 
2.E-05 
1 .E-03 
5.E-05 
1 .E-04 

3.E-05 
2.E-04 
2.E-05 
9.E-07 

3 .  E-05 
' 4.E-05 

1.E-05 

Inhaled A i r  DCG (pCi/mL) 
B w Y - 

3.E-87 

- 
- 
- 

3.E-11 
6.E-08 

2.E-07 
3.E-09 
8.E-08 

3.E-08 

2.E-07 

1 .E-07 

1 .E-07 
2.E-07 
3.E-09 
6.E-08 
2.E-09 
4.E-08 

7.E-09 
5.E-09 

2.E-11 
8.E !3 

- 
- 

Figure I 11-1 (contd) 

- 
9.E-09 
2.E-09 
2.E-09 

- 
- 
- 
- 
- 

7.E-11 
8.E-08 

2.E-07 
2.E-09 
4.E-08 

2.E-08 

2.E-07 

6.E-08 

- 
- 
- 

1.E-07 
2.E-07 
2.E-09 
3.E-08 
2.E-09 
5.E-08 

6.E-09 
1.E-08 
1 .E-09 
4.E-11 

7.E-09 

7.E-10 

- 

- 

5.E-08 
2.E-09 
3.E-08 
6.E-10 
7.E-09 
3.E-09 
1 .E-07 

1 .E-11 
7.E-08 

- 
- 
- 

2.E-08 

2.E-07 

5.E-08 

- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 

6.E-09 

5.E-10 

111-5 



111-6 

Rad ionuc l i de  

CO-56 
CO-57 

CO-S&n 

C O  - 60 

CO-61 

Co - 62m 

N i  -56 
N i - 5 6  Vapor) 

N i  - 57 (Vapor) 
N i  -59 
N i  -59 (Vapor) 
N i  -63 
N i - 6 3  Vapor) 

N i  -65 (Vapor) 
N i  -66 
N i  -66 (Vapor) 

N i  -57 d 

N i  - 6  d 

::::;Y 
CU-64 
CU - 67 

Pn-62 
Zn - 63 

Zn-69m 
Zn-69 
Zn-71m 
211-72 

Zri-65 

f* 
Value 

3.E-01 
5.E-02 
3.E-01 
5.E-02 
3.E-01 
5.E-02 
3.E-01 
5.E-02 
3.E-01 
5.E-02 

.3.E-01 
5.E-02 
3.E-01 
5.E-02 
3.E-01 

5.E-02 

5.E-02 

5.E-02 

5.E-02 

5.E-02 

5.E-02 

- 

5.E-01 
5.E-01 
5 .  E-01 
5.E-01 

5.E-01 
5.E-01 
5.E-01 
5.E-01 
5.E-01 
5.E-01 
5.E-01 

1 .E-03 
1 .E-03 

DOE 5400.5 
2-8-90 

Ingested 
Yater  DCG Inhaled A i r  DCG ( i  

1 .E-05 
2.E-04 
1. E-04 
2.E-03 
2. E-03 
5.E-05 
4.E-05 
4. E-02 
4.E-02 
1 .E-05 
5.E-06 
5.E-04 
6.E-04 
1 .E-03 
1 .E-03 

4.E-05 

* 4.E-05 

7. E-04 

3.E-04 

2.E-04 

1 .E-05 

- 
- 

- 

- 

- 

- 
7.E-09 

2.E-07 

3.E-09 

9.E-06 

4.E-10 

1 .E-07 

4.E-07 

- 

- 
- 

- 

5.E-09 3.E-09 
3 .  E-09 - 
1.E-08 7.E-09 
1. E-08 - 
9.E-09 2.E-08 
4. E-09 - 
4.E-09 6.E-09 
2. E-09 - 
6.E-08 7.E-08 
4. E-08 - 
4.E-09 1.E-09 
7.E-09 - 

2.E-09 

2.E-07 

2.E-09 

6.E-06 

8.E-11 

1 .E-07 

4.E-07 

- 

8.E-04 2.E-07 3.E-07 2.E-07 
3 .  E-04 7.E-08 1.E-07 8.E-08 
3.E-04 7.E-08 5.E-08 5.E-08 
1 .E-04 2.E-08 1.E-08 1.E-08 

- - 4.E-05 7.E-09 
7.E-04 2.E-07 
9.E-06 - 6.E-10 
1 .E-04 2.E-08 
2.E-03 3.E-07 
2. E-04 4.E-08 
3.E-05 3.E-09 

- 
- - 
- - 
- 
- 

2.E-03 4.E-07 5.E-07 
3.E-05 8 .  E-09 7.E-09 

Figure I 11-1 (contd) 



DOE 5400.5 
2-8-90 

Radi onucl i de 

::::& 
Ga-70 
Ga-,72Y 
Ga-73 

Ge-66 
Ge -67 
Ge-68 
Ge -69 
Ge-71 
Ge - 75 
Ge-77 
Ge - 78 

A S  -69 
AS -70 
AS -71  
A S  -72 
AS - 73 
AS-74 
AS-76 
AS-77 
AS-78 

Se-70 

Se - 73m 

~e -733' 

Se-75 

Se-79 

Se-81m 

Se-81 

Se -83 

Br - 74m 

I 11-7 

f, 
Value 

l .E-03 
'1 .E-03 
1 .E-03 
1 .E-03 
l .E-03 

1. E t O O  
1. E t O O  
1. E t O O  
1 .'Et00 
1. E t O O  
1. E t O O  
1. E t O O  
1. E t O O  

5.E-01 
5.E-01 
5.E-01 
5.E-01 
5.E-01 
5.E-01 
5.E-01 
5.E-01 
5.E-01 

8.E-01 
5.E-02 
8.E-01 
5.E-02 
8.E-01 
5.E-02 
8.E-01 
5.E-02 
8.E-01 
5.E-02 
8.E-01 
5.E-02 
8.E-01 
5.E-02 
8.E-01 
5.E-02 

1 .Et00 

Ingested 
Water DCG 
bC i /mL ) 

2.E-04 
4.E-04 
2.E-03 
3.E-05 
1. E-04 

7.E-04 
l .E-03 
1 .E-04 
4.E-04 
l .E-02 
2.E-03 
2.E-04 
7.E-04 

1. E-03 
4.E-04 
1 .E-04 
2.E-05 
2.E-04 
4.E-05 
3.E-05 
l.E-04 
2.E-04 

5.E-04 
3.E-04 
2.E-03 
9.E-04 
2.E-04 
9.E-05 
2.E-05 
8.E-05 
2.E-05 
1 .E-04 
1. E-03 
7.E-04 
2.E-03 
2.E-03 
1. E-03 
9.E-04 

6.E-04 

- 

3. E-08 
1 .E-07 
4.E-07 
8.E-09 
4.E-08 

6.E-08 
2 .  E-07 
9.E-09 
4.E-08 
1. E-06 
2.E-07 
2 .  E-08 
5. E-08 

. -  
- 
- '  

- 
- 
- 
- 
- 

9.E-08 

4.E-07 

3.  E-08 

2.E-09 

2. E-09 

2.E-07 

5.E-07 

3.E-07 

- 
- 
- 
- 

- 
- 

9.E-08 

I n h a l e d  A i r  DCG (pCi/mL) 
D w Y 

2.E-08 
1 .E-07 
5.E-07 
7.E-09 
4.E-08 

5.E-08 
2.E-07 
2.E-10 
2.E-08 
1 .  E-07 
2.E-07 
1 .E-08 
5.E-08 

3.E-07 
l .E -07  
1 .E-08 
3.E-09 
4.E-09 
2.E-09 
4.E-09 
1 .E-08 
5.E-08 

1 .E-07 

3.E-07 

4. E-08 

]I .E-09 

1 .E-09 

2.E-07 

6.E-07 

3. E-07 

- 
- 
- 
- 
- 

- 
- 

1 .E-07 

Figure I 11-1 (contd) 



111-8 
DOE 5400.5 
2-8-90 

Radi onuc l  i de 

Br-74 
Br-75 

Br - 809, 
Br-80- 
Br - 8Z2/ 
Br - 83y 
Br-84 

;;:;;Y 

Rb-79 
Rb-819 
Rb-81 

Rb-83 
Rb-84 
Rb-86 
Rb-87 

Rb-82m 

Sr-80 

Sr-81 

Sr-83 
Sr-85m- 3/ 

Sr-87m- 3/ 
Sr-85 

SP-89 

Sr-90 

Sr-91 

Sr-92Y 

Y -86m 

f 1 
Value 

1. E+OO 
1. E900 
1. E+OO 
1. E+OO 
1 .€+OD 
1. E+OO 
1. E+OO 
1. E+OO 
1. E+OO 

1 * E+OO 
1. E+OO 
1. E+OO 
1. E+OO 
1 .E+OO 
1. E+OO 
1. E+OO 
1. E+OO 
1. E+OO 
1. E+OO 

3.E-01 
1.E-02 
3.E-01 
1 .E-02 
3.E-01 
1 .E-02 
3.E-01 
1. E-02 
3.E-01 
1 .E-02 
3.E-01 
1. E-02 
3.E-01 
1 .E-02 
3.E-01 
1.E-02 
3.E-01 
1 .E-02 
3.E-01 
1 .E-02 

1 .E-04 

I n g e s t e d  
Water DCG 
bC i/mL ) 

1.E-03 
1 .E-03 
1 .E-04 
4.E-04 
6.E-04 
2.E-03 
8.E-05 
2. E-03 
9.E-04 

2.E-03 
7.E-03 
1 .E-03 
3.E-04 
2.E-05 
1.E-05 
1 .E-05 
3.E-05 
8.E-04 
2.E-03 

3.E-02 
3.E-02 
7.E-04 
6.E-04 
8.E-05 
6.E-05 
6.E-03 
6.E-03 
7 .€-OS 
1 .E-04 
1 .E-03 
1 .E-03 
2.E-05 
2.E-05 
1 .E-06 
1 .E-05 
6.E-05 
5.E-05 
9.E-05 
7.E-05 

6.E-04 

I n h a l e d  Air DCG (pCi /mL) 
0 U Y 

2. E-07 
1. E-07 
1. E-08 
6. E-08 
4.E-08 
4.E-07 
1 .€-OB 
2.E-07 
1. E-07 

3.E-07 
8.E-07 
1. E-07 
4.E-08 
2.E-09 
2.E-09 
2. E-09 
4. E-09 
1 .E-07 
3.E-07 

5.E-06 

2.E-07 

2.E-08 

1 .E-06 

6.E-09 

3.E-07 

2.E-09 

5.E-11 

1 .E-08 

2.E-08 

- 
- 
- 
- 
- 
- 
- 

- 

- 

2.E-07 
1 .E-07 
1 .E-08 
5.E-08 
3.E-08 
5.E-07 
9.E-09 
1 .E-07 
2.E-07 

- 

- 
- 

- 
- 

- 

- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 

1.E-07 

- 
6.E-06 

2.E-07 

8.E-09 

2.E-06 

4.E-09 

4.E-07 

3.E-10 

9.E-12 

8.E-09 

2.E-08 

- 

- 
- 
- 
- 

1 . L O 7  

Figure I I 1-1 (contd) 



DOE 5400.5 
2-8-90 

Radionuclide 

Y - 8 a  
Y -89 

;:;&Y 
Y -90 

Y -91 
Y -92 
Y -93 
Y-94 
Y -95 

Y - 9 d  

Zr-86 
Zr-88 
Zr-89 
Zr-93 
Zr-95 
Zr-97 

Nb-88 

f 1 
Value 

1 .E-04 
P .E-04 
1 .E-04 
1 .E-04 
1 .E-04 
I .E-04 
1 .E-04 
1 .E-04 
1 .E-04 
1. E-04 
1 .E-04 

2.E-03 
2.E-03 
2. E-03 
2. E-03 
2.E-03 
2.E-03 

1 .E-02 
Nb-89 (66 m i n )  1.E-02 
Nb-89 (122 min) 1.E-02 
Nb-90 1. E-02 
Nb-93m 1 .E-02 
Nb-94 1 .E-02 
Nb-95m 1 .E-02 
Nb-95 1. E-02 
Nb-96 1 .E-02 

Nb-98 1 .E-02 
Nb-971/ 1 .E-02 

MO - 90 8.E-01 
5.E-02 

Mo - 93m 8.E-01 
5.E-02 

MO-93 8.E-01 
5.E-02 

MO-99 8.E-01 
5.E-02 

M o - l O l Y  8.E-01 
5.E-02 

Tc - 93m 8.E-01 

Ingested 
Water DCG 
bC 1 /mL ) 

3.E-05 
6.E-05 
3.E-05 
2.E-04 
1.E-05 
4.E-03 
2. E-05 
7.E-05 
3.E-05 
8.E-04 
1.E-03 

4.E-05 
1.E-04 
4.E-05 
9.E-05 
4.E-05 
2.E-05 

2.E-03 
3.E-04 
1.E-04 
3.E-05 
3.E-04 
3.E-05 
7.E-05 
6.E-05 
3.E-05 
6.E-04 
4.E-04 

1 .E-04 
6.E-05 
3.E-04 
1 .E-04 
1.E-04 
6.E-04 
5.E-05 
3.E-05 
2.E-03 
1 .E-03 

2.E-03 

Inhaled A i r  DCG (pCi/mL) 
D w Y 

- 
- 
- 
- 
- 
- 

- 

9.E-09 
5 . E - I O  
8.E-09 
4.E-11 
6.E-10 
5.E-09 

- 
- 
- 
- 
- 
- 

- 
2.E-08 

4. E-08 

I .E-08 

6.E-09 

3.E-07 

- 

- 

- 

4.E-07 

Figure I I 1-1 (contd) 

8.E-09 7.E-09 
8.E-09 7.E-09 
6.E-10 6.E-10 
3.E-08 3.E-08 
2.E-09 1.E-09 
6.E-07 4.E-07 
4.E-10 3.E-10 
2.E-08 2.E-08 
7.E-09 6.E-09 
2.E-07 . 2 .E-07 
4.E-07 3.E-07 

6.E-09 6.E-09 
1.E-09 7.E-10 
6.E-09 6.E-09 
1.E-10 2.E-10 
9.E-10 7.E-10 
3.E-09 3.E-09 

5.E-07 5.E-07 
1.E-07 9.E-08 
4.E-08 4.E-08 
6.E-09 6.E-09 
3.E-09 4.E-10 
5.E-10 4.E-11 
6.E-09 5.E-09 
3.E-09 3.E-09 
6.E-09 6.E-09 
2.E-07 2.E-07 
1.E-07 1.E-07 

- - 
- 1.E-08 

3.E-08 

4.E-10 

- 3.E-09 

- 4.E-07 

- - 
- - 
- - 
- - 

7 .E -07  

I 11-9 



I I 1-10 

Radi onucl i de 

TC-93 
Yc-94m 

;::;:a 
TC-96 

TC-97 
TC-98 3/ 
TC - 9 9 ~  
Tc-99 
Tc-lOly 
Tc-104 

Tc-97m 

RU-94 
RU - 97 
RU-103 

RU-I06 
R ~ - 1 0 5 ~  

Rh-99m 

Rh-lOlm 

Rh-102m 

Rh-103111 

Rh-106m 

Rh-99 
Rh-100 

Rh-101 

Rh-102 

Rh-105 

Rh-107 

Pd-100 
Pd-IO1 
Pd-103 
Pd-107 
Pd-109 

Ag- 102 
Ag-103 

Ag-104 
Ag- 105 

Ag- 104m 

Ag - 106m 

~~ 

f 1 
Value 

8.E-01 
8.E-01 
8.E-01 
8.E-01 
8.E-01 
8.E-01 
8.E-01 
8.E-01 
8.E-01 
8.E-01 
8.E-01 
8.E-01 

5.E-02 
5.E-02 
5.E-02 
5.E-02 
5.E-02 

5.E-02 
5.E-02 
5.E-02 
5.E-02 
5.E-02 
5.E-02 
5.E-02 
5.E-02 
5.E-02 
5.E-02 
5.E-02 

5.E-03 
5.E-03 
5.E-03 
5.E-03 
5.E-03 

5.E-02 
5.E-02 
5.E-02 
5.E-02 
5 . E - 0 2  
5.E-02 

Ingested 
Water DCG 
bC i f  mL ) 

8.E-04 
5.E-04 
2. E-04 
4.E-03 
5.E-05 
1 .E-04 
9.E-04 
3.E-05 
2.E-03 
1 .E-04 
4.E-03 
8.E-04 

4.E-04 
2.E-04 
5.E-05 
1 .E-04 
6.E-06 

5.E-04 
7.E-05 
4. E-05 
2.E-04 
6. E-05 
4.E-05 
2.E-05 
1 .E-02 
1. E-04 
2. E-04 
3.E-03 

4.E-05 
4.E-04 
2. E-04 
1 .E-03 
6.E-05 

2.E-03 
1. E-03 
9.E-04 . 
6.E-04 
7.E-05 
2.E-05 

DOE 5400.5 
I 2-8-90 

Inhaled Air DCG (pCi/mL) 
D Y Y 

2.E-07 
1 .E-07 
4.E-08 
7.E-07 
7.E-09 
2 . € - O B  
1 .E-07 
4.E-09 
4.E-07 
1 .E-08 
8.E-07 
2.E-07 

1 .E-07 
4.E-08 
4.E-09 
3.E-08 
2.E-10 

1 .E-07 
7.E-09 
1 .E-08 
3.E-08 
1 .E-09 
I .E-09 
2.E-10 
3. E-06 
3. E-08 
6.E-08 
6.E-07 

3.E-09 
7.E-08 
1 .E-08 
5.E-08 
1 .E-08 

4.E-07 
2.E-07 
2.E-07 
2.E-07 
3.E-09 
2.E-09 

2 .E-07 
I .E-07 
6.E-08 
6.E-07 
5.E-09 
3.E-09 
1 .E-08 
7.E-10 
6.E-07 
2.E-09 
9.E-07 
2.E-07 

1 .E-07 
3.E-08 
2.E-09 
3.E-08 
1 .E-10 

2.E-07 
5.E-69 
9.E-09 
2.E-08 
2.E-09 
9.E-10 
4.E-10 
3.E-06 
.l.E-08 
9.E-08 
6.E-07 

3.E-09 
8.E-08 
1.E-08 
2.E-08 
1.E-08 

5.E-07 
3.E-07 
3.E-07 
4.E-07 
4.E-09 
2.E-09 

- 

- 
- 

- 

1 .E-07 
3 .  E-08 
2.E-09 
3.E-08 
3.E-11 

2.E-07 
5.E-09 
9.E-09 
2.E-08 
4.E-10 
3.E-10 
1 .E-10 
3.E-06 
1 .E-08 
8.E-08 
6.E-07 

3.E-09 
7.E-08 
8.E-09 
9.E-10 
1 .E-08 

5.E-07 
3.E-07 
3.E-07 
4.E-07 
4.E-09 
2.E-09 

Figure I I 1-1 (contd) 



DOE 5400.5 
2-8-90 

Sn-123111 
Sn- 123 
Sn-125 
Sn- 126 

I 11-11 

Ingested 
Water DCG Inhaled A i r  DCG (pCi/mL) 

Radionucl ide Value jpCi/mL) 0 W Y 
f 1 

Ag-106 5.E-02 2.E-03 4.E-07 5.E-07 -5.E-07 
Ag - 108m 5.E-02 2.E-05 4.E- IO 6.E-IO 6.E-11 
Ag - 110m 5.E-02 1 .E-05 3.E-10 4.E-10 2.E-10 
Ag-111 5.E-02 3.E-05 4.E-09 2.E-09 2.E-09 
~ g - 1 1 2  5.E-02 9.E-05 2.E-08 2.E-08 2.E-08 
Ag-115 5.E-02 9.E-04 2.f’-07 2.E-07 2.E-07 

Cd-104 
Cd-107 
Cd-109 

Cd-.113 

Cd-115 3/ 
Cd- 1 1 7 ~  
Cd-117- 

Cd- 11 3m 

Cd-115m 

5.E-02 
5.E-02 
5.E-02 
5.E-02 
5.E-02 
5.E-02 
5.E-02 
5.E-02 
5.E-02 

I n -  109 2.E-02 

In-110 (5  h )  2.E-02 
I n - I l l  2.E-02 
In-112 2.E-02 
I n - 1 1 3 a  2.E-02 
I n - l l 4 m  2.E-02 
In-115m 2.E-02 

I n -  1 1 6 1 ~  2. E-02 
I n - 1 1 7p9/ 2.E-02 
I n -  11 7- 2.E-02 
I n -  11 9m 2.E-02 

In-110 (69 min) 2 .E-02 

In-115 3, 2 .E -02  

2.E-02 
2.E-02 
2.E-02 
2.E-02 
2.EL02 
2.E-02 
2.E-02 
2.E-02 
2.E-02 
2.E-02 
2.E-02 
2.E-02 

6.E-04 
6.E-04 
1 .E-05 
9.E-07 
8.E-07 
9.E-06 
3.E-05 
1 .E-04 
1.E-04 

5.E-04 
4.E-04 
1.E-04 
1 .E-04 
6.E-03 
1.E-03 
9.E-06 
4.E-04 
1 .E-06 
7.E-04 
3.E-04 
2.E-03 
1 .E-03 

9.E-05 
2.E-03 
5.E-05 
5.E-05 
1 .E-04 
1.E-04 
2.E-04 
1.E-03 
2.E-05 
1 .E-05 
8.E-06 
2.E-04 

2.E-07 3.E-07 3.E-07 
1 .E-07 1 .E-07 1 .E-07 
1.E-10 3.E-IO 3.E-10 
8.E-12 3.E-11 3.E-11 
8.E-12 3.E-11 3.E-11 ~ _ _  
2.E-10 3.E-10 3.E-10 
3.E-09 3.E-09 3.E-09 
3.E-08 4.E-08 3.E-08 
3.E-08 4.E-08 3.E-08 

1 .E-07 
1 .E-07 
4.E-08 
2.E-08 
1 .E-06 
3.E-07 
2.E-10 
1 .E-07 
3.E-12 
2. E-07 
8.E-08 
4.E-07 
3.E-07 

3.E-08 
5.E-07 
3.E-09 
5.E-09 
6.E-09 
2.E-09 
4.E-08 
3.E-07 
1 .E-09 
2.E-09 
I .E-10 
5.E-08 

Figure I I 1-1 ‘(contd) 

2.E-07 
1 .E-07 
5.E-08 
2.E-08 
2.E-06 
5.E-07 
2.E-10 
1 .E-07 
1.E-11 
3 .  E-07 
1 .E-07 
5.E-07 
3.E-07 

3.E-08 
6.E-07 
1 .E-09 
3.E-09 
2.E-09 
1 .E-O9 
3.E-08 
3. E-07 
4.E-10 
8.E-10 
2.E-10 
4 .  E-08 



I I 1-12 

Radi onucl  i de 

Sn-128 

Sb-115 

Sb- 116111 

Sb-116 

Sb- 1 1 7y 

Sb-118111 

Sb-119 

Sb-120 (16 min) 

Sb-120 (6 d )  

Sb-122 

Sb-124111 

Sb-124 

Sb-125 

Sb- 1262 ’  

Sb-126 

Sb-127 

Sb-128 (9 h )  

Sb-128 (10 min) 

Sb- 12& 

Sb-130 

Sb-131 

f, 
Value 

2.E-02 

1 .E-01 
1 .E-02 
1 .E-01 
1 .E-02 
1 .E-01 
1 .E-02 
1 .E-01 
1 .E-02 
1 .E-01 
1 .E-02 
1 .E-01 
1 .E-02 
1.E-01 
1.E-02 
1 .E-01 
1.E-02 
1 .E-01 
1 .E-02 
1 .E-01 
1 .E-02 
1 .E-01 
1 .E-02 
1 .E-01 
1 .E-02 
1 .E-01 
1 .E-02 
1 .E-01 
1 .E-02 
1 .E-01 
1 .E-02 
1 .E-01 
1 .E-02 
1 .E-01 
1 .E-02 
1 .E-01 
1 . E - O 2  
1 .E-01 
1 .E -02  
1 .E-01 
1 .E-02 

Ingested 
Water DCG 
bC i /mL ) 

3.E-04 

2.E-03 
2.E-03 
6.E-04 
6.E-04 
2.E-03 
2.E-03 
2.E-03 
2.E-03 
2.E-04 
I .E-04 
4.E-04 
4.E-04 
5.E-03 
5.E-03 
3.E-05 
3.E-05 
2.E-05 
2.E-05 
7.E-03 
7.E-03 
2.E-05 
1. E-05 
6.E-05 
5.E-05 
2.E-03 
2.E-03 
2.E-05 
1. E-05 
2.E-05 
2.E-05 
3 .  E-05 
3.E-05 
3 .  E-03 
3.E-03 
8. E-05 
8.E-05 
5.E-04 
5. E-04 
5.E-04 
5.E-04 

DOE 5400.5 
2-8-90 

Inhaled A i r  DCG (pCi/mL) 
n w Y 

6.E-08 

6.E-07 

2.E-07 

7.E-07 

5.E-07 

5.E-08 

1 .E-07 

1. E-06 

5 .  E-09 

5.E-09 

2.E-06 

2 .  E-09 

6.E-09 

4.E-07 

3.E-09 

5.E-09 

1 .E-08 

9.E-07 

2.E-08 

1 .E-07 

9.E-08 
- 

Figure I I 1-1 (contd) 

9.E-08 

- 
7.E-07 

3.E-07 

8.E-07 

7 .E-07 

5. E-08 

6.E-08 

1.E-06 

3.E-09 

3.E-09 

1 .E-06 

6:E-10 

1 .E-09 

5.E-07 

1. E-09 

2.E-09 

8.E-09 

1 .E-06 

2.E-08 

2. E-07 

1 .E-07 

- 
- 

- 

- 

- 

- 

- 

- 

- 
- 

- 
- 

- 
- 

- 
- 



DOE 5400.5 
2-8-90 

Radionuclide 

Te-116 
l e -  121m 
Te-121 
Te-123m 
Te-123 
Te-125m 
Te-127111 
Te- 127 
Te-129m 
Te-129 
Te-13lm 
Te-131 

3/ 
Te-132 
Te-133g 
Te- 1333, 
Te- 134- 

I - 120m 
1-120 
1-121 
1-123 
I - 124 
1-125 
1-126 

. 1-128y 
1-129 
I - 130 
1-131 
1 - 1 3 2 9  
I - 132 

cs-125 
CS-127 

CS-  130 
cs- 131 
cs-132 
Cs-  134m 
CS-134 
Cs-135111 

c s  - 129’ 

f, 
Value 

2.E-01 
2.E-01 
2.E-81 
2.E-01 
2. E-01 
2.E-01 
2.E-01 
2 .  E-01 
2.E-01 
2.E-01 
2.E-01 
2.E-01 
2 .  E-01 
2.E-01 
2.E-01 
2.E-01 

1. E+OO 
1. E+OO 
1. E+OO 
1. E+OO 
1. E+OO 
1. E+OO 
1. E+OO 
1. E+OO 
1 .  E i O O  
1. E+OO 
I .  E+O0 
1. E+OO 
1 .  E+OO 
1. E+OO 
1.  E+OO 
1. E+OO 

1. E+OO 
1. E+OO 
1. E t O O  
1. E+OO 
1. E+OO 
1.  E t O O  
1. E+OO 
1. E+OO 
1 .  E+OO 

Ingested 
Water DCG 
b C i / m L )  

2.  E-04 
2.  E-05 
9.E-85 
3.E-05 
3.E-05 
4.E-05 
2.E-05 
2. E-04 
1 . € - O S  
7.E-04 
9.E-06 
7.E-04 
2.E-05 
2.E-04 
9.E-04 
7.E-04 

4.E-04 
2.E-04 
8.E-04 
3.E-04 
4.E-06 
4.E-06 
2.E-06 
2.E-03 
5.E-07 
3.E-05 
3.E-06 
3.E-04 
2.E-04 
1 .€-05 
7.E-04 
7.E-05 

2.E-03 
2.  E-03 
6.E-04 , 

3.E-03 
6.E-04 
7.E-05 
3.E-03 
2.E-06 
3.E-03 

I 11-13 

Inhaled Air DCG ( p C i / m L )  
0 U Y 

5 .  E-08 
9.E-10 
1 .E-88 
1. E-09 
1 .E-09 
2.E-09 
1 .E-09 
5.E-08 
1 .E-09 
2 .E-07 
3.E-09 
I .E-07 
2.E-09 
3.E-08 
1 .E-07 
I .E-07 

5.E-08 
3.E-08 
1 .E-07 
4.E-08 
6.E-IO 
5.E-10 
3.E-10 
3 .  E-07 
7.E-11 
5.E-09 
4.E-10 
5.E-08 
4 .E-08 
2.E-09 
1 . ~ - 0 7  
1 .E-08 

3.E-07 
2.E-07 
8.E-08 
4.E-07 
7.E-08 
1.  E-08 
3.E-07 
2.E-10 
5.E-07 

Figure I I 1-1 (contd) 

7.E-08 
1.E-09 
7.E-09 
1.E-09 
3.E-09 
2.E-09 
6.E-10 
4.E-08 
6.E-10 
2.E-07 
2.E-09 
1 .E-07 
2.E-09 ~ 

3.E-08 
1.E-07 
1.E-07 

- 



I I 1-14 

Radi onucl i de 

cs-135 
CS-136 
cs- 137 
c s - 1 3 a  

Ba-126 
Ba- 128 
Ba-13lm 
Ba-131 
Ba- 133m 
Ba-133 
Ba- 135m 
Ba-139 
Ba - 1 403, 
Ba-141- 
Ba-14Z2/ 

La-131 
La-132 
La-135 
La- 137 
La- 138 
La-140 
La-141 
La-142 
La- 143 

Ce- 134 
Ce-135 
Ce-137m 
Ce-137 
Ce-139 
Ce-141 
Ce-143 
Ce-144 

Pr- 136 
Pr-137 
Pr-138m 
Pr-139 
Pr-142111 
Pr-142 
Pr-143 

f, 
Value 

1. EtOO 
1. E900 
1. E+OO 
1. EtOO 

1. E-01 
1 .E-01 
1 .E-01 
1 .E-01 
1.E-01 
1 .E-01 
1 .E-01 
1 .E-01 
1 .E-01 
1 .E-,O1 
1 .E-01 

1 .E-03 
1 .E-03 
1 .E-03 
1 .E-03 
1 .E-03 
1 .E-03 
1 .E-03 
1 .E-03 
1 .E-03 

3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 

3.E-04 
3.E-04 
3.E-04 
3.E-04 
3. E-04 
3.E-04 
3.E-04 

Ingested 
Y a t e r  DCG 
bC i /mL ) 
2.E-05 
I. E-05 
3.E-06 
9.E-04 

2. E-04 
1. E-05 
1 .E-02 
8.E-05 
7.E-05 
4.E-05 
9.E-05 
3.E-04 
2.E-05 
7. E-04 
1 .E-03 

1 .E-03 
9.E-05 
1 .E-03 
3.E-04 
2. E-05 
2.E-05 
1.E-04 
2.E-04 
I .E-03 

2.E-05 
4.E-05 
7.E-05 

1.E-04 
5.E-05 
3.E-05 
7. E-06 

2. E-03 
1 .E-03 
3.E-04 
1 .E-03 
2.E-03 
3. E-05 
3.E-05 

1 .E-03 

DOE 5400.5 
2-8-90 

Inhaled Air DCG (pCi/mL) 
D W Y 

3.E-09 
2.E-09 
4.E-10 
1 .LO7 

4.E-08 
4.E-09 
3.E-06 
2.E-08 
2.E-08 
2.E-09 
3.E-08 
7.E-08 
3.E-09 
2.E-07 
3.E-07 

3.E-07 
2.E-08 
3 .E-07 
2.E-10 
8.E-12 
3.E-09 
2.E-08 
5.E-08 
2.E-07 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

4.E-07 
3.E-08 
2. E-07 
6.E-10 
3.E-11 - 
3.E-09 
3. E-08 - 
8.E-08 - 
2.E-07 

2.E-09 
9.E-09 
1 .E-08 
3.E-07 
2.E-09 
2. E-09 
4.E-09 
6.E-11 

2.E-09 
8.E-09 
9.E-09 
3.E-07 
2.E-09 
1 .E-09 
4.E-09 
3.E-11 

6.E-07 5.E-07 
4.E-07 3.E-07 
1 .E-07 1 .E-07 
3.E-07 3.E-07 
4.E-07 3.E-07 
5.E-09 4.E-09 
2.E-09 2.E-09 

Figure I I 1-1 (contd) 



DOE 5400.5 
2-8-90 

Radionuclide 

Pr-144 
P r - 1 4 5  
P r -  147 

Nd-136 
Nd-138 

Nd-139 
Nd-141 

Nd-139111 

;:I;:& 
Nd-151 

Pm-141 
Pm- 143 
Pm-144 
Pm- 145 
Pm-146 
Pm- 147 
Pm- 148111 
Pm-148 
Pm- 149 
Pm-150 
Pm-151 

Sm-14lm 
Sm-141 
Sm-142 
Sm-145 
Sm- 146 
Sm- 147 
Sm-151 
Sm-153 
Sm- 155 
Sm- 156 

Eu-145 
Eu-146 
Eu-147 
Eu-148 
Eu-149 
Eu-150 ( 1 2  h )  
Eu-150 (34 yr) 

fl 
Value 

3. E-04 
3.E-04 
3.E-04 

3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3 .  E-04 
3.E-04 
3.E-04 

3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 

3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 

1. E-03 
!.E-03 
1. E-03 
1 .E-03 
1. E-03 
1 .E-03 
1 .E-03 

Ingested 
Water DCG 
bC i / m l )  

1 .E-03 
9.E-05 
2 .E-03 

4.E-04 
5. E-05 
1 .E-04 
2. E-03 
4. E-03 
4 .  E-05 
3.E-04 
2. E-03 

2. E-03 
1 .E-04 
3.E-05 
3.E-04 
4.E-05 
1 .E-04 
2. E-05 
1 .E-05 
4.E-05 
1 .E-04 
5.E-05 

8.E-04 
2.E-03 
2.E-04 
2.E-04 
7.E-07 
8.E-07 
4.E-04 
5.E-05 
2.E-03 
1 .E-04 

4.E-05 
3.E-05 
8.E-05 
3.E-05 
3.E-04 
9.E-05 
2 .E -05  

I I 1-15 

Inhaled A f r  DCG (pCi/mL) 
D W Y 

Figure I I 1-1 (contd) 

3.E-07 
2.E-08 
5.E-07 

1 .E-07 
2.E-08 
4.E-08 
8.E-07 
2.E-06 
2.E-09 
6.E-08 
5.E-07 

4.E-07 
1 .E-09 
3.E-10 
5.E-10 
1 . € - l o  
5.E-10 
7.E-10 
1 .E-09 
5.E-09 
4.E-08 
8.E-09 

2.E-07 
4.E-07 
6.E-08 
1 .E-09 
2.E-13 
2.E-13 
4.E-10 
7.E-09 
5.E-07 
2.E-08 

5.E-09 
3.E-09 
4.E-09 
8.E-IO 
7.E-09 
2.E-08 
4.E-11 

3.E-07 
2.E-08 
4.E-07 

1 .E-07 
1 .E-08 
3.E-08 
7.E-07 
1 .E-06 
2.E-09 
6.E-08 
4.E-07 

4.E-07 
2.E-09 
3.E-10 
4.E-10 
1 .E-10 
3.E-10 
7.E-10 
1 .E-09 
4.E-09 
4.E-08 
7.E-09 

- 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 



111-16 

Radionuclide 

Eu - 152m 
Eu-152 
EU- 154 
EU-155 
EU-156 
EU-157 
EU-158 

Gd- 145 
Gd-146 
Gd-147 
Gd-148 
Gd-149 
Gd-151 
Gd- 152 
Gd-153 
Gd-159 

Tb-147 
Tb-149 
Tb-150 
Tb-151 
Tb-153 
Tb- 154 
Tb-155 
Tb-156m (24 h) 
Tb-156m ( 5  h )  
Tb-156 
Tb-157 
Tb-158 
Tb-160 
Tb-161 

Dy- 155 

Oy-159 
Dy- 165 
D,v- 166 

HO-155 
HO-157 
HO-159 
HO-161 

Oy- 1 5 7 y  

f, 
Value 

1 .E-03 
1. E-03 
1 .E-03 
1 .E-03 
1 .E-03 
1 .E-03 
1 .E-03 

3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 

3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 

3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 

3. E-04 
3.E-04 
3.E-04 
3.E-04 

Ingested 
Uater DCG 
(pC 1 /mL ) 

7.E-05 
2.E-05 
2.E-05 
1 .E-04 
2.E-05 
6.E-05 
5.E-04 

1 .E-03 
4.E-05 
5.E-05 
7.E-07 
8.E-05 
2.E-04 
9.E-07 
1 .E-04 
7.E-05 

2.E-04 
1 .E-04 
1.E-04 
1.E-04 . 
1. E-04 
5.E-05 
2.E-04 
2.E-04 
4.E-04 
3.E-05 
1 .E-03 
3.E-05 
2. E-05 
5.E-05 

2. E-04 
5.E-04 
3.E-04 
4.E-04 
2.E-05 

1 .E-03 
7.E-03 
6.E-03 
3.E-03 

DOE 5400.5 
2-8-90 

Inhaled A i r  DCG (pCi/mL) 
D v Y 

- 
- 
- 
- 
- 
- 

4.E-07 
3.E-10 
1. E-08 
4.E-14 
5.E-09 
1 .E-09 
5.E-14 
6.E-10 
2.  E-08 

- 
- 
- 

- 
- 
- 
- 
- 
- 
- 

- 
- - 
- 
- 
- - 
- 

Figure I I 1-1 (contd) 

2.E-08 
5.E-11 
5.E- l l  
3.E-10 
1 .E-09 
1 .E-08 
1 .E-07 

4.E-07 
7.E-10 
8.E-09 
1 .E-13 
6.E-09 
3.E-09 
2.E-13 
1 .E-09 
1 .E-08 

7.E-08 
2.E-09 
5.E-08 
2.E-08 
2.E-08 
1 .E-08 
2.E-08 
2.E-08 
6.E-08 
3.E-09 
1 .E-09 
5 . E - l l  
5.E-10 
4.E-09 

6.E-08 
2.E-07 
6.E-09 
1 .E-07 
2.E-09 

4.E-07 
3.E-06 
2.E-06 
1 .E-06 



DOE 5400.5 
2-8-90 

Radionuc l  i d e  

Ho- 162m 

Ho-164m 

Ho - 166m 

HO-162 

HO-164 

HO-166 
HO- 167 

Er-161 
Er-165 
Er-169 
Er-171 
Er-172 

Tm- 162 
Tm-166 
Tm- 167 
Tm- 170 
Tm-171 
Tm-172 
Tm-173 
Tm- 175 

Yb-162 
Yb-166 
Yb-167 
Yb- 169 
Yb-175 
Yb-177 
Yb-178 

LU-169 
LU-170 
Lu-171 
Lu-172 
Lu-173 
Lu-174m 
Lu-174 
Lu-176m 
LU-176 
Lu-177m 

' Lu-177 
Lu-178m 

f 1 
V a l u e  

3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 

3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 

3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 

3.E-04 
3.E-04 
3.E-04 
3.E-04 
3 .LO4 
3.E-04 
3.E-04 

3.E-04 
3.E-04 
3.E-04 
3.E-04 
3. E'-04 
3.E-04 
3 . E - 3 4  
3.E-04 
3.E-04 
3.E-04 
3.E-04 
3.E-04 

Ingested 
Water DCG Inha led  A i r  DCG b C i / r n L )  
JpCi/mL) D w Y 

- 2.E-03 - 6.E-07 
2.E-02 - 6.E-86 
3.E-03 - 7.E-07 
6.E-03 - 1 .E-06 - 
2.E-05 - 2.E-11 
2.E-05 - 4.E-09 
4.E-04 - 1 .E-07 

4.E-04 - 2.E-07 
2.E-03 - 4.E-07 
1.E-04 - 6.E-09 
1 .E-04 - 2.E-08 
4.E-05 - 3.E-09 

2.E-03 
1.E-04 
7.E-05 
3.E-05 
4.E-04 
2.E-05 
1.E-04 
3.E-03 

7 .E-07 
3.E-08 
5.E-09 
5.E-10 
1. E-09 
3. E-09 
3.E-08 
6.E-07 

2.E-03 - 7.E-07 7.E-07 
4.E-05 - 5.E-09 4.E-09 
8.E-03 - 2.E-06 2.E-06 
5.E-05 - 2.E-09 2.E-09 
9.E-OS - 8.E -09 8.E-09 
4.E-04 - 1.E-07 1.E-07 
4.E-04 1.E-07 9.E-08 

7.E-05 
3.E-05 
5.E-05 
3.E-05 
1 .E-04 
8.E-05 
1 .E-04 
2.E-04 
2.E-05 
2.E-05 
7.E-05 
2.E-03 

1 .E-08 
5.E-09 
4.E-09 
3.E-09 
1. E-09 
8.E-10 
6.E-10 
6.E-08 
3.E-11 
3.E-10 
5.E-09 
4.E-07 

1 .E-08 
5.E-09 
5.E-09 
3.E-09 
6.E-10 
5 ..E - 10 
4.E-10 
5.E-08 
2 .E-11  
2.E-10 
5.E-09 
4.E-07 

I 11-17 

Figure I 11-1 (contd) 



I I 1-18 

Radionuclide 

LU-178 
LU-179 

H f  - 170 
Hf-172 
H f  - 173 
Hf-175 

H f  - 178111 
Hf-177m 

H f  - 179m 
H f  - 180m 

H f  - 182m 
H f  - 181 

H f  - 182 
H f  - 183 
H f  - 184 

l a -  172 
Ta-173 
la -174 
l a -  175 
Ta-176 
Ta-177 
l a -  178 
Ta-179 
Ta- 180111 
Ta-180 
Ta-182m 
Ta-182 
Ta-  183 
l a -  184 
Ta-185 
Ta-186 

W-176 

W-177 

W -  178 

W-179 

W -  181 

fl 
Value 

3.E-04 
3 .  E-04 

2.E-03 
2.E-03 
2.E-03 
2.E-03 
2.E-03 
2.E-03 
2.E-03 
2.E-03 
2.E-03 
2.E-03 
2.E-03 
2.E-03 
2.E-03 

1.E-03 
1. E-03 
1. E-03 
1 . L O 3  
1 .E-03 
1. E-03 
1.E-03 
1 .E-03 
1 .E-03 
1 .E-03 
1.E-03 
1 .E-03 
1 .E-03 
1 .E-03 
1 .E-03 
1. E-03 

1 .E-02 
3.E-01 
1 .E-02 
3.E-01 
1 .E-02 
3.E-01 
1 .E-02 
3.E-01 
1 .E-02 

Ingested 
Uater DCG 
b C  l/mL ) 

1. E-03 
2.E-04 

7.E-05 
3.E-05 
1 .E-04 
8.E-05 
5.E-04 
7.E-06 
3.E-05 
2.E-04 
3. E-05 
1 .E-03 
1 .E-05 
6.E-04 
7. E-05 

1. E-03 
2.E-04 
7. E-04 
2.E-04 
1..E-04 
3.E-04 
5.E-04 
6.E-04 
6.E-04 
4.E-05 
6.E-03 
2.E-05 
3.E-05 
5.E-05 
7. E-04 
2.E-03 

3.E-04 
4.E-04 
6.E-04 
7.E-04 
1 .E-04 
2.E-04 
2.E-02 
2.E-02 
4.E-04 

DOE 5400.5 
2-8-90 

Inhaled A i r  DCG (pCi/mL) 
0 W Y 

- 

1. E-08 
4.E-11 
3.E-08 
2.E-09 
1. E-07 
6.E-12 
1.E-09 
5.E-08 
9.E-10 
2.E-07 
4.E-12 
1 .E-07 
2.E-08 

- 
1.E-07 

2.E-07 

5.E-08 

4.E-06 
- 

Figure I I 1-1 (contd) 

3.E-07 
4.E-08 

1 .E-08 
1.E-10 
3.E-08 
3.E-09 
2.E-07 
2.E-11 
1 .E-09 
6.E-08 
1,E-09 
3.E-07 
2.E-11 
1 .E-07 
2.E-08 

3.E-07 
5.E-08 
2.E-07 
4.E-08 
3.E-08 
5.E-08 
2.E-07 
1.E-08 
2.E-07 
1 .E-09 
1 .E-06 
7.E-10 
3.E-09 
1 .E-08 
2.E-07 
5.E-07 

- 
- 
- 
- 
- 
- 

3.  E-07 
4.E-08 

2 .  E-07 
4.E-08 
2 .  E-07 
3.E-08 
3.E-08 
4.E-08 
2 .E-07  
2 .  E-09 
1 .E-07 
6.E-11 
1 .E-06 
3.E-10 
2.E-09 
1 .E-08 
2.E-07 
5.E-07 



DOE 5400.5 
2-8-90 I I 1-19 

Radionuclide 

U- 181 
M-  185 

Y-187 

U-188 

Re-177 
Re-178 
Re-181 
Re-182 (64 h)3, 
Re-182 (12 h) -  
Re-184m 
Re-184 
Re - 186111 
Re-186 
Re-187 
Re - 188111 
Re- 188 
Re-189 

OS-180 
OS-181 
OS-182 
OS-185 
Os - 189m 
Os-191m 
os-191 
OS - 193 
OS-194 

Ir-182 

Ir-185 
Ir-186 
Ir-187 
Jr-188 
Ir-189 

Ir-190 
Ir-192m 
Ir-192 

Ir-184 

Ir-190m3.’ 

53 

f, 
Value 

3.E-01 
1 .E-02 
3.E-01 
1 .E-02 
3.E-01 
1 .E-02 
3.E-01 

8.E-01 
8.E-01 
8.E-01 
8.E-01 
8.E-01 
8.E-01 
8.E-01 
8.E-01 
8.E-01 
8.E-01 
8.E-01 
8.E-01 
8.E-01 

1 .E-02 
1 .E-02 
1 .E-02 
1 .E-02 
1 .E-02 
1.E-02 
1 .E-02 
1 .E-02 
1 .E-02 

1.E-02 
1.E-02 
1.E-02 
1.E-02 
1.E-02 
1.E-02 
1 .E-02 
1.E-02 
1.E-02 
1.E-02 
1. E-02 

1 nge s rea 
Uater DCG 
bC t /mL ) 

5.E-04 
7.E-05 
1.E-04 
5.E-05 
7.E-05 
2.E-05 
2.E-05 

3.E-03 
3.E-03 
1.E-04 
4. E-05 
2.E-04 
6.E-05 
6.E-05 
4.E-05 
5.E-05 
2.E-02 
2.E-03 
5.E-05 
9.E-05 

3.E-03 
4.E-04 
6.E-05 
7.E-05 
2.E-03 
4.E-04 
7.E-05 
4.E-05 
2.E-05 

1. E-03 
2.E-04 
1.E-04 
6.E-05 
3.E-04 
5. E-05 
1 .E-04 
5.E-03 
3.E-05 
9.E-05 
3 .  E-05 

Inhaled Air DCG (pCi/mL) 
W Y - 0 

8.E-08 

2.E-08 

2.E-08 

3. E-09 

6.E-07 
6.E-07 
2. E-08 
6.E-09 
3. E-08 
7 .E-09 
8.E-09 
5. E-09 
7 .E-09 
2. E-06 
3.E-07 
7. E-09 
1 .E-08 

9.E-07 
1 .E-07 
1 .€-OS 
1 .E-09 
5.E-07 
7.E-08 
5.E-09 
1. E-08 
1 .€-lo 

3.E-07 
6.E-08 
3.E-08 
2. E-08 
7. E-08 
1 .  E-08 
1 .E-08 
5.E-07 
2. E-09 
2.E-10 
6.E-10 

Figure I I 1-1 (contd) 

- 
- - 
- 
- 
- 
- 

8.E-07 
7 .E-07 
2.E-08 
5.E-09 
4.E-08 
1 .E-09 
3.E-09 
4.E-10 
4.E-09 
2.E-07 
3.E-07 
6.E-09 
1 .E-08 

1 .E-06 
1 .E-07 
1 .E-08 
2.E-09 
5.E-07 
S.E-08 
4.E-09 
7.E-09 
1.E-10 

4.E-07 
7.E-08 
3.E-08 
1.E-08 
7.E-08 
8.E-09 
9.E-09 
5.E-07 
2.E-09 
5.E-10 
9.E-10 

- 
- 
- 
- 
- 

- 
- 
- 
- 

- 

- 

- 
1. E-06 
1 .E-07 
9.E-09 
2. E-09 
4. E-07 
4.E-08 
3.E-09 
6.E-09 
2.E-11 

3.E-07 
6.E-08 
2.E-08 
1.E-08 
6.E-08 
8.E-09 
9.E-09 
5.E-07 
2.E-09 
4.E-11 
5.E-10 



I 11-20 

f, 
Radionucl ide Value 

Ir-194m 1 .E-02 
I r - 1 9 4  1 .E-02 
Ir-195m 1 .E-02 
I r - 1 9 5  1. E-02 

Pt-186 
Pt-188 
Pt-189 
Pt-191 
Pt-193m 
Pt-193 
P t  - 195111 
P t - 197m 
Pt-197 
Pt-199 
Pt-200 

AU-193 
AU-194 
AU-195 

AU-198 
AU-199 

AU - 200 
AU-201 

Au - 198m 

Au - 200m 

1.E-02 
1.E-02 
1 .E-02 
1 .  E-02 
.I  .E-02 
1. E-02 
1 .E-02 
1.E-02 
1 .E-02 

I 1.E-02 
1 .E-02 

1. E-01 
1 .E-01 
1 .  E-01 
1 .  E-01 
1 .E-01 
1.E-01 
1 .E-01 
1.E-01 
1.E-01 

Hg- 193m (Org) 1. E+OO 

Hg-193111 (Vapor) - 
Hg-193 (Org) 1. E+OO 

Hg-193 (Vapor) 
Hg-194 (Org) 1. E+OO 

Hg-194 (Vapor) - 
Hg- 195m (Org) 1. Et00 

Hg-195m (Vapor) 

4.E-01 
Hg- 193m 2.E-02 

4.E-01 
Hg-193 2.E-02 

4.E-01 
Hg- 194 2.E-02 

4.E-01 
Hg- 195m 2.E-02 

Ingested 
Water DCG 
bC i /mL)  

2.E-05 
3.E-05 
2.E-04 
4.E-04 

4.E-04 
4.E-05 
3.E-04 
1 .E-04 
8.E-05 
1. E-03 
6.E-05 
4.E-04 
9.E-05 
1.E-03 
3.E-05 

2.E-04 
7.E-05 
1. E-04 
2.E-05 
6.E-05 
8.E-05 
3. E-05 
7.E-04 
2.E-03 

3.E-04 
1 .E-04 
9.E-05 

1.E-03 
5.E-04 
4.E-04 

5.E-07 
1.E-06 
2.E-05 

1 .E-04 
'8.E-05 
6.E-05 

- 

- 

DOE 5400.5 
2-8-90 

I n h a l e d  A i r  DCG ( p C i / m L )  
0 W Y 

2 . E - I O  
7.  E-09 
6.E-08 
1 .E-07 

9 .  E-08 
4.E-09 
7 .  E-08 
2 .  E-08 
1 .E-08 
6.E-08 
1 .E-08 
1 .E-07 
2. E-08 
3. E-07 
8. E-09 

3.E-08 
9.E-09 
1 .E-08 
3.E-09 
4.E-09 
8.E-09 
4.E-09 
9 .  E-08 
3 .  E-07 

3 .  E-08 

2. E-08 
2.E-08 
2.E-07 

1 .E-07 
7. E-08 
7.E-11 

1.E-10 
7.E-11 
1.E-08 

1 .E-08 
9.E-09 

4.E-10 
5.E-09 
7.E-08 
1.E-07 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

4.E-08 
3.E-09 
3.E-09 
2.E-09 
6.E-09 
8.E-09 
5.E-09 
1 .E-07 
5.E-07 

- 
- 

2.E-08 - 
- 

1 .E-07 - 
- 
- 

3.E-10 - 
- 
- 

9.E-09 - 

2.E-10 
4.E-09 
5.E-08 
1. E-07 

- 
- 

- 
- 

- 

4.E-08 
1 .E-08 
I .  E-09 
2. E-09 
7.E-09 
8.E-09 
6.E-09 
2.E-07 
5. E-07 

- 
- 
- 
- 

- 
- 
- 
- 
- 

Figure I 11-1 (contd) 



DOE 5400.5 
2-8-90 

Radi onucl i de 

Hg-195 (Org) 

Hg-195 (Vapor) 
Hg-197m (Org) 

Hg-195 

Hg- 197m 
Hg- 197m 
Hg- 197 

Hg- 197 
Hg- 197 
Hg-199m 

Hg- 199m 
Hg-199m (Vapor)  
Hg-203 (Org) 

Hg - 203 
Hg-203 (Vapor)  

T1- 194m 
T1-194 
11 - 195 
11  -197 

T1- 198 

11 -201 
T1-202 
1 1  -204 

11 - 198m 

;; 

Pb- 195m 
Pb- 198 
Pb-199 
Pb-200 
Pb-201 

Pb-202 
Pb-203 
Pb-205 
Pb-209 

Pb-202m 

fl 
Value 

1 .E+OO 

- 
4.E-01 
2.E-02 - 
1. E+OO 
4.E-01 
2 .E-02 

1. E+OO 
4.E-01 
2.E-02 

1. E+OO 
4.E-01 
2.E-02 - 
1. E+OO 
4.E-01 
2.E-02 

1. E+OO 
1. E+OO 
1. E+OO 
1. E+OO 
1. E+OO 
1. E+OO 
1. E+OO 
1. E+OO 
1. E+OO 
1.  E+OO 
1. E+OO 

2.E-01 
2.E-01 
2.E-01 
2.E-01 
2.E-01 
2.E-01 
2.E-01 
2.E-01 
2.E-01 
2.E-01 

Ingested 
Water DCG 
bC i /mL ) 

1. E-03 
5.E-04 
4.E-04 

. 2.E-04 
1 .E-04 
8.E-05 

3.E-04 
2.E-04 
1 .E-04 

3.E-03 
2.E-03 
2.E-03 

1 .E-05 
2.E-05 
7.E-05 

- 

- 

2.E-03 
7 .  E-03 
2.E-03 
2.E-03 
8.E-04 
5.E-04 
2. E-03 
2.E-04 
5.E-04 
9.E-05 
4.E-05 

2.E-03 
9.E-04 
6.E-04 
9.E-05 
2.E-04 
2.E-04 
4.E-06 
1. E-04 
9.E-05 
7.E-04 

I 11-21 

Inhaled Air DCG (pCi/mL) 
0 Y Y - 

1 .E-07 

8.E-08 
7.E-08 
2.E-08 

2.E-08 
1. E-08 
3.E-08 

3.E-08 
2 .  E-07 
4.E-07 

4.E-07 
2.E-07 
2.E-09 

3.E-09 
2.E-09 

4.E-07 
1 .E-06 
3.E-07 
3.E-07 
1.E-07 
7 .  E-08 
2 .  E-07 
3.E-08 
5.E-08 
1 .E-08 
5.E-09 

5.E-07 
2.E-07 
2. E-07 
1 .E-08 

7.E-08 
1.E-10 
2.E-08 
3.E-09 
1.E-07 

- 

- 

5.E-08 

Figure I I 1-1 (contd) 

8.E-08 
- 

1 .E-08 

2. E-08 

4.E-07 

3.E-09 

- .  
- 

- 
- 

- 
- 



I 11-22 

Radionucl ide 

Pb-210 
Bb-211 
Pb-212 
Pb-214 

B i  -200 
B i  -201 

B i  -203 
B i  -205 
B i  -206 
B i  -207 
B i  -210m 
B i  -210 
B i  -212 
B i  -213 
B i  -214 

B i  -202 

PO-203 
PO-205 
PO-207 
Po-210 

A t  -207 
At-211 

Rn-220 
Rn-222 

Fr-222 
Fr-223 

Ra-223 
Ra-224 
Ra-225 
Ra-226 
Ra-227 
Ra-228 

, 

AC - 224 
AC-225 
AC - 226 
AC - 227 
AC - 228 

f 1 
Value 

2.E-01 
2.E-01 
2.E-01 
2.E-01 

5.E-02 
5.E-02 
5.E-02 
S.E-02 
5.E-02 
S.E-02 
5.E-02 
5.E-02 
5.E-02 
5.E-02 
5.E-02 
5.E-02 

1.E-01 
1 .E-01 
1.E-01 
1.E-01 

1 .Et00 
1. E t O O  

1 .Et00 
1. E t O O  

2.E-01 
2.E-01 
2. E-01 
2.E-01 
2.E-01 
2.E-01 

1 .E-03 
1 .E-03 
1 .E-03 
1 . G O 3  
1.E-03 

.a,ysr c s u  

Water DCG 
bCl/mL) 

3.E-08 
3.E-04 
3.E-06 
2.E-04 

8.E-04 
3.E-04 
4.E-04 
7.E-05 
4.E-05 
2.E-05 
3.E-05 
2.E-06 
2.E-05 
1 .E-04 
2.E-04 
6.E-04 

7.E-04 
6.E-04 
2.E-04 
8.E-08 

2.E-04 
3.E-06 

Y 3 
6.E-05 
2.E-05 

3.E-07 
4.E-07 
4. E-07 
1 . G O 7  

, 6.E-04 
1 .Z .07 

5.E-05 
1 .E-06 
3.E-06 
1 .E-08 
6.E-05 

DOE 5400.5 
2-8-90 

Inhaled A i r  DCC (pCi/mL) 
D W Y 

9.E-13 
1. E-09 
8.E-11 
2.E-09 

2.E-07 
7. E-08 
1. E-07 
2.E-08 
6.E-09 
3. E-09 
4.E-09 
1.E-11 
9.E-10 
6.E-10 
7.E-10 

I 2.E-09 

2.E-07 
9 .E-08 
6.E-08 
1.E-12 

6.E-09 
2.E-10 

4/ 
-5/ -- 

1 .E-09 
2.E-09 

- 
- 

- 

9.E-11 
1.E-12 
9.E-12 
2.E-15 
4.E-11 

Figure I 11-1 (contd) 

- 
- 
- 

2.E-07 
9.E-08 
2.E-07 
1 .E-08 
3.E-09 
2. E-09 
8.E-10 
2.E-12 
6.E-11 
7.E-10 
8.E-10 
2.E-09 

2.E-07 
2. E-07 
7.E-08 
1 .E-12 

5.E-09 
1.E-10 

Y 3 
- 

2.E-12 
4.€-12 
2.E-12 
1.E-12 
4.E-08 
3 . i -12  

1.E-10 
2.E-12 
1.E-11 
7.E-15 
1.E-10 

- 
- 
- 
- 

- .  

- 

- 

4/ 
3J 

- 

1 . € - l o  
1.E-12 
1.E-11 
1.E-14 
1.E-10 



DOE 5400.5 
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Radionucl ide 

Th - 226 
Th-227 
Th -228 
Th-229 
Th-230 
Th-231 
Th-232 
Th - 234 
Th-Natural  

Pa-227 
Pa-228 
Pa-230 
Pa-231 
Pa-232 
Pa-2333/ 
Pa-234- 

U-230 

U-231 

U-232 

U-233 

U-234 

U-235 

U-236 

U - 237 

U-238 

U - 2 3 f l  

U-240 

U-Natural  

Np-232 

\ 

fl 
Value 

2. E-04 
2.E-04 
2.E-04 
2. E-04 
2.E-04 
2.E-04 
2 .E-04 
2.E-04 
2 . t -04  

1 .E-03 
1 .E-03 
1 .E-03 
1 .E-03 
1 .E-03 
1 .E-03 
1 .E-03 

5.E-02 
2.E-03 
5.E-02 
2.E-03 
5.E-02 

5.E-02 
2.  E-03 
5.E-02 
2.E-03 
5.E-02 
2. E-03 
5.E-02 
2.E-03 
5. E-02 
2.E-03 
5.E-02 
2. E-03 
5.E-02 
2.E-03 
5.E-02 
2.E-03 
5.E-02 
2.E-03 

2. E.-03 

1 .E-03- 6/ 

Ingested 
Uater  DCG 
JpC 1 /mL ) 

1 .E-04 
4.E-06 
4.E-07 
4.E-08 
3.E-07 
1 .E-04 
5.E-08 
1 .E-05 
5.E-08 

1.E-04 
3.E-05 
2. E-05 
1 .E-08 
4.E-05 
4.E-05 
7.E-05 

2.E-07 
1 .E-06 
1.E-04 
1 .E-04 
1 .E-07 
2.E-06 
5.E-07 
5.E-06 
5.E-07 
5.E-06 
6.E-07 
5. E-06 
5.E-07 
6.E-06 
5.E-05 
5.E-05 
6.E-07 
6.E-06 
2.E-03 
2.E-03 
3.E-05 
3.E-05 
6.E-07 
6.E-06 

6.E-03- 7/ 

I 11-23 

Inha led  A i r  OCG (pCi/mL) 
D Y Y 

- - 
- 
- 
- 

- 

- 
- 
- .  

1 .E-12 

2.E-08 

1.E-12 

4.E-12 

4.E-12 

5.E-12 

5.E-12 

6.E-09 

5.E-12 

4.E-07 

9.E-09 

5.E-12 

- 

- 

- 
- 

- 

- 

F igure I I I -1 (contd) 

4.E-10 
8.E-13 
5.E-14 
6.E-15 
4.E-14 
1.E-08 
7.E-15 
5.E-10 
7.E-15 

3.E-10 
5.E-11 
1.E-11 
9.E-15 
1 . E -  10 
2.E-09 
2.E-08 

8.E-13 

1 .E-08 

9.E-13 

2.E-12 

2.E-12 

2.E-12 

2.E-12 

4.E-09 

2.E-12 

4.E-07 

7.E-09 

2.E-12 

1 .E-08- 8/ 

- 
- 
- 

- 
- 

- 

- 
- 
- 

- 
- 
- 

3.E-10 
7.E-13 
4.E-14 
7.E-15 
5.E-14 
2.E-08 
1 .E-14 
4.E-10 
1 .E -14  

2.E-10 
3.E-11 
8.E-12 
1 . E 4 4  
2.E-10 
1 .E-09 
2.E-08 

6.E-13 

1 .E-08 

2.E-14 

9.E-14 

9.E-14 

1 . E 4 3  

1.E-13 

4.E-09 

1.E-13 

4.E-0? 

6.E-09 

1 . E 4 3  

- 

- 
- 
- 
- 
- 
- 
- 
- 

- 



111-24 

Ingested 
fl Uater  DCG 

Radi onucl i de Value _(lrCi/mL) 

Np-233 1 .E-036/ 2 . E - 0 2 U  
Np-234 1 .E-035/ 8 . E - O f l  
Np-235 1 . E - 0 3 y  6 . E - 0 4 u  
Np-236 (1 .€+OS y r )  1 A - 0 3 8  2.E-073 

7/ 1 .E-03S1 3.E-08- 
7/ Np-238 1 .E-03P/ 4.E-O?/ 

1 .E-035/ 5.E-05- 
7/ Np - 24$/ 1 .E-036/ 7.E-04- 

Np-236 (22 h )  1 .E-03- 1 .E-04 
Np-237 

Np-239 

Pu-234 

Pu-235 

Pu-236 

Pu-237 

PU - 238 

Pu-239 

PU - 240 

Pu-241 

Pu-242  

Pu-243 ' 

PU - 244 

Pu-245 

Am-237 

Am-239 
Am-240 
Am-241 

Am-238 

Am-242m 
Am-242 
Am-243  

1 .E-04- 7/ 
2. E -04- 7 /  

1 .E-07- 7 /  
S.E-06- 7/ 
1. E-04- 71 
3.  E-04- 7 1  
4.E-08- 7/ 
3 .  E-06- 7/ 

2.E-06- 7/ 

1. E-04- 7/ 
3. E -08- 7/ 
2.E-06- 7/ 
4.E-04- 7/ 
4.E-04- 7/ 
3.E-08- 7/ 

7/  1 .E-02- 
7/ 2. E-02- 

3.E-08- 

7/ 2. E -06- 

2. E -O?/ 7 1  

8:  :::a 
2.E-03- 7/ 
8.E-04- 7/ 

3.E-08- 7/ 
3. E -08- 7/ 
1.E-04- 7/ 

1. r i -dj, n 7/ 
5.E-05- 

7/ 3 . E - 08- 

Fiqure 111-1 

DOE 5 4 0 0 . 5  
2 -8 -90  

I n h a l e d  A i r  DCG (pCi/mL) 
D Y Y " 

8. E - O$/ 8/ 

4. E-  l$/ 8 /  

6.E-09- 
3 . E - O q  
1 .E-13- 
2. E - l@' 

8/ 2. E - 14- 

5. E -O%/ 
2.E-07- 

8/ 5.E-10- 

7 . i - O g '  

- 8/ 8.E-14- 

8.;-0& 
- 8 /  

- 8/ 

- 8 1  

- 8/ 

- 8/ 

3.  E - 14- 

2. E - 14- 

2. E - 14- 

1 .E-12- 

2. E -  14- 

8.E-08- - 8 /  

2 . i - 1 4 v  

- 8 /  

7.E-07- 8 /  

3.E-08- 8 /  
6.E-09- 8/ 

2. E - 10- 8 /  
2.  E - 14- 8/ 

1 .E-08- - 

8 /  1. E-08- 

8/ 2.E-14- 
8/ 2.E-14- 

4 . i - l &  

6. E - -06- 81 

- 8/ 9. E - 14- 
- 

7. E -O@/ 

4.E-14 - ! Y  
- 8/ 

- 8/ 

- 8/ 

4 .  E - 14- 8/ 

4.E-14- - 8/ 

4.  E -  14- 

4.E-14- 

2. E - 12- 

- ' 81 9. E - 08- 

- 8/ 1 .E-08- 



DOE 5400.5 
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Radionuclide 

Am-244m 
Am-244 
Am-245 ::;:> 
Cm-238 
Cm-240 
Cm-241 
Cm-242 
Cm- 243 
Cm- 244 
Cm-245 
Cm-246 
Cm-247  
Cm-248 
Cm-249 

Bk-245 
Bk-246 
Bk-247 
Bk-249 
Bk-250 

C f  -244 
C f  -246 
C f  -248 
C f  - 249  
C f  -250 
C f  -251 
C f  -252 
C f - 2 5 3  
C f - 2 5 4  

ES-250 
ES-251 
ES-253 

ES-254  
Es-254m 

Fm-252 
Fm-253 
Fm-254 

fl 
Value 

1. E - 0 3 v  
1 . € - 0 3 v  
1 .E-03Y 
1. E-03y 
1. E - 0 3 g  

1. E - 0 3 g  
1. E - 0 3 8  

1 L - 0 3 5  

1 .E-03% 

1 . E - 0 3 4  

1. E-03 

; : [$Y 

1 .E-O3g 6/ 
1. E-03- 

1 .E-03- 

5.E-04 
5.E-04 
5.E-04 
5. E-04 
5.E-04 

1 .E-03- 6/ 
1 .E-03- 6/ 
1 .E-03- 6/ 
1 .E-03- 6 /  
1 .E-03- 6 /  
1 .E-03- 6 /  
1 .E-03- 6/ 
1 .E-03- 6/ 
5.E-04v 

5.E-04 
5.E-04 
5.E-04 
5.E-04 
5.E-04 

5.E-04 
5.E-04 
S . E - 0 4  

Ingested 
Water DCG 
b C  i/mL ) 

4.  E -04v 

3 . E - O q  

5.E-08j1 
6. E -08- 
3. E - 0 8 8  
3.E-087/ 
3.E-08- 

1 .E-03- 

6.E-05 
7.E-05 
6.E-08 
2.E-05 
3.E-04 

2 . E - O a  

1. E - O 3 /  

8.E-O?/ 7/ 

9. E - 0 4 8  
1. 
5.E-07- 7/ 3.E-08- 

1 .E-07v 

5 . E - O d  

7. E-08- 7/  
3. E -08- 7/ 

1 . E - O 5 y  

1 .E-03 
2. E-04 
6.E-06 
9.E-06 
9.E-07 

1 .E-05 
4.E-05 
8.E-05 

I 11-25 

Inhaled Air DCG (pCi /mL)  
D Y Y 

Figure I I 1-1 (contd) 

1 . L O &  
7.E-le 
2. E - 0 7 4  
4.E-078: 

3 . E - O g  
1 .E-12$ 

3. E - 14g 
8/ 

4.E-14 
2. E - 14- 
2. E-  14y 
2. E - 1 4 y  
6 . E - l q  
S.E-08 -  

3.E-09 
7.E-09 
2.E-14 
9.E-12 
2.E-09 

2.E-07 

;:::;;E/ 

1 .E-O9$ 

8/ 
2.E-11 
3. E - 13- 

8/ 5. E - 14- 

l . E - 1 3 Y  
5 .E-12v  
5 . E - 1 4 y  

2.  E - 14- 8/  

2. E-  14- 8/ 

3. f-09 
3.E-09 
4.E-12 
3.E-11 
3.E-13 

3.E-11 
2.E-11 
2.E-10 

- 
- 
- 
- 

- 
- 

- 

- 

- 

1 .E-O& 8/ 2. E- 11- 81 3. E - 13- 

8/ 6. E - 14- a/ 3. E - 14- 8/ 9. E - 14- 
4. E - 12Y 

3. E- 14- 81  

4. E - 14- 8/ 

- 
- 
- 
- 
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Ingested 
Water DCG Inhaled Air DCG (pCi/mL) 

Radionuclide Value bC i /mL 1 
Fm-255 5.E-04 1 .E-05 - 5.E-11 
fm-257 5.E-04 2.E-06 - 6.E-13 

D w Y 
f 1 

5.E-04 3.E-04 - 2.E-10 - 
114-258 5.E-04 2.E-06 - 8.E-13 Hd-257 

IJ 

2J 

A dash indicates no values given f o r  t h i s  data category. 

The inhalation DCG values a l  low f o r  an additional 50% absorption through 
the  sk in ,  as described i n  ICRP Pub l ica t ion  No. 30 :  "L im i t s  f o r  intakes 
o f  Rad i onuc I ides by Workers. " 
equivalent i s  used as the basis f o r  the DCG value shown. 

3f For the radionuclide shown, the DCG f o r  external exposure from immersion 
i n  a contaminated plume ( I  is ted i n  Figure I I 1-2) i s  more r e s t r i c t i v e .  

4J DCGs f o r  Rn-220 are being assessed by DOE. U n t i l  t he  review has been 
completed and new values issued, the value o f  3.E-09 pCi/mL given in  
Figure I 11-3 shal I be used. 

DCGs f o r  Rn-222 are being assessed by DOE. Unti  I t he  review has been 
completed and new values issued, the value o f  3.E-09 pCi/mL given in  
Figure I I 1-3 shal I be used f o r  Rn-222 releases from DOE f a c i  I i t i e s .  In 
addit ion, the requirements o f  Chapter I V ,  Sections 4b, 6b, and 6d, shal I 
be used when they are appl icable. 

E I ements. " 

For e I ementa I tr i t i um, the I ung dose 

5J 

- 6/ ICRP Pub1 ication No. 48: "The Metabol ism o f  Plutonium and Related 

7J Based on the I isted f, value. I t  i s  assumed t h a t  individual organ 
doses, except f o r  the gastrointestinal t r a c t ,  change i n  proportion t o  f, 
f o r  a l  I organs, including the  "Remainder." Gastrointestinal doses are 
unchanged because very I i t t l e  material i s  absorbed i n  the upper portions 
o f  the t r a c t .  

8J I t  i s  assumed t h a t  the e f fec t i ve  dose equivalents are unchanged even 
though the f, values have changed. This i s  because the contr ibution t o  
organ dose from inhalation is  dependent mainly on t ransfer  from lung t o  
blood when f ,vaIues are smal I . 
wou Id  be unchanged because the f rac t i on  o f  act  i v i t y  pass i ng through the 
t r a c t  i s  (1.0 - fl). 

Also the gast ro in test ina l  t r a c t  dose 

Figure I I 1-1 (contd) 
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E 1 emen t/ 
Symbo 1 

A c t  i n i um/ 
Ac 

A1 umi num/ 
A1 

h e r  i c i um/ 

Antimony/ 

Am 

Sb 

Arsen ic /  

As t a t  i ne/ 

As 

A t  

Bar i urn/ 
Ba 

B e r k e l  ium/ 
Bk 

B e r y l  1 i um/ 
Be 

Bismuth/ 
B i  

Bromine/ 
8r 

Atomic 
Number 

89 

13 

95 

51 

33 

85 

56 

97 

4 

a3 

35 

Compound 

Oxides, hydrox ides  
Hal  ides,  n i t r a t e s  
A l l  o t h e r s  

Oxides, hydrox ides ,  
ca rb ides ,  ha1 ides ,  
n i t r a t e s ,  e l e -  
menta l  fo rm 

A l l  o t h e r s  

A l l  forms 

Oxides, hydrox ides ,  
ha1 ides ,  s u l  - 
ph ides,  su lpha tes ,  
n i t r a t e s  

A l l  o t h e r s  

A l l  forms 

A l l  (as a h a l i d e )  

A l l  forms 

A l l  forms 

Oxides, ha1 i des, 
n l  t r a t e s  

A11 o t h e r s  

A l l  except  n i t r a t e s  
N i t r a t e s  

Bromides 

3- 
1 .E-03 
1 .E-03 
1. E-03 

1 .E-02 

1 .E-02 

1 .E-03 

1 .E-01 

1 .E-02 

5.E-01 

1.  EtOO 

1 .E-01 

5.E-04 

5.E-03 

5.E-03 

5.E-02 
5.E-02 

1. EtOO 

I I 1-27  

Lung 
R e t e n t i o n  C lass  

W 

D’ 

W 

W 

W or D; dependent 
upon assoc ia ted  
e lement  

D 

W 

Y 

W 

W 
D 

W o r  D; dependent 
upon assoc ia ted  
e lement  

Figure I 11-2 
A l te rna t ive  Absorption Factors and Lung Retention Classes 

f o r  Spec if i c Compounds 
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Element/ Atomic 
Symbol Number 

C adm i um/ 
Cd 

C a 1 c i urn/ 
Ca 

Californium/ 
C f  

Carbon/ 
c 

Ceri um/ 
Ce 

Ces i um/ 
cs 

Chlorine/ 
c1 

Chromi um/ 
Cr 

Cobalt/ 
co 

48 

20 

98 

6 

58 

55 

17 

24 

27 

Compound 

Oxides, hydroxides 
Sulphates, halides 
All others 

All forms 

Oxides, hydroxides 
All others 

Oxides 
Organic ("C) 
Organic ( I 4 C )  

Oxides, hydroxides, 

All others 
fluorides 

All forms 

Chloride 

Oxides, hydroxides 
Hal ides, nitrates 
All others 

Hex av a1 en t 

Oxides,  hydroxides, 
ha1 ides, nitrates 

All others 
Ingestion only 

Figure I I I -2  (contd) 

3- 
5. E-02 
5.E-02 
5. E-02 

3 .  E-01 

1 .E-03 
1. E-03 

i/ 
1. E-02 
7.E-05 

3.E-04 

3.E-04 

1 .  E+OO 

1. E+OO 

1 .E-01 
1 .E-01 
1 .E-01 

1 .E-02 
1 .E-01 

5.E-02 

5.E-02 
3.E-01 

DOE 5400.5 
2-8-90 

lung 
Retention C 1  ass 

Y 
W 
D 

W 

Y 
W 

D 
W 
W 

Y 

w 

D 

W or D; dependent 
upon a s s o c i a t e d  
element 

Y 
W 
D 

Y 

W 
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Lung 
Retention Class 

Y 
U 

El emen t/ 
Symbol 

Copper/ 
cu 

Atomic 
Number Compound -3- 

Oxides, hydroxides 5.E-01 
Sulphites, halides, 5.E-01 

All others 5.E-01 
n i  Prates 

29 

D 

All forms 1 .E-03 W 96 

66 

99 

68 

63 

100 

9 

Curi um/ 
Cm 

All forms 3.E-04 W Dysprosium/ 
DY 

All forms 5.E-04 W Ei nstei ni um/ 
Es 

All forms 3.E-04 W E r b i  urn/ 
Er 

Europi urn/ 
Eu 

All forms 1 .E-03 W 

Fermi urn/ 
Fm 

All forms 5.E-04 W 

Fluoride 1. E+OO Y ,  W ,  or D; 
-dependent upon 
associated 
element 

Fluorine/ 
F 

Franci um/ 
Fr 

87 

64 

All forms 1. Et00 

Gadol i ni um/ 
Gd 

Oxides, hydroxides, 3.E-04 

All others 3.E-04 
f 1 uorides 

W 

W Gal 1 ium/ 
Ga 

31 Oxides, hydroxides, l .E-03  
carbides, halides, 
nitrates, 

All others 1 .E-03 

Oxides, sulphides, I .  E+OO 

All others 1. E+OO 
ha1 ides 

Germanium/ 
Ge 

32 

Figure I I 1-2 (contd) 
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Element/ 
Symbol 

Gold/ 
Au 

Hafnium/ 
H f  

Holmi urn/ 
Ho 

Hydrogen/ 
H 

Indium/ 
In 

Iodine/ 

I ri di um/ 

I 

Ir 

Iron/ 
Fe 

Lanthanum/ 
La 

Lead/ 
Pb 

Lu te t i um/ 
Lu 

Atomic 
Number 

79 

7 2  

67 

1 

49  

53 

77  

26 

57 

82 

71 

Compound 

Oxides, hydroxides 
Hal ides, nitrates 
All others 

Oxides, hydroxides, 
halides, carbides, 
nitrates 

All others 

All. forms 

Water (3H)  

Oxides, hydroxides, 
ha1 ides 

All others 

All forms 

Oxides, hydroxides 
Halides, nitrates, 

metal 1 ic form 
All others 

Oxides, hydroxides, 
ha1 ides 

All others 

Oxides, hydroxides 
All others 

All forms 

Oxides, hydroxides, 

All others 
f 1 uorides 

3- 
1 .E-01 
1 .E-01 
1 .E-01 

2.E-03 

2.E-03 

3.E-04 

1. E+OO 

2.E-02 

2.E-02 

1.  Et00 

1 .E-02 
1 .E-02 

1 .E-02 

1 .E-01 

1 .E-01 

1 .E-03 
1 .E-03 

2.E-01 

3.E-04 

3.E-04 

Figure I I 1-2 (contd) 
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Lung 
Retention Class 

Y 
U 
D 

U 

D 

W 

W 

D 

D 

Y 
W 

0 

W 

0 

W 
D 

O 

Y 

W 
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Element/ Atomic 
Symbol Number 

Hagnes i um/ 12  
ng 

Manganese/ 25 
Hn 

Mendelevium/ 101 
Md 

Mercury/ 80 
Hg 

Molybdenum/ 42 
Mo 

Neodymi um/ 60 
Nd 

Neptunium/ 93 
NP 

N i c k e l /  28 
N i  

Niobium/ 41 
Nb 

Compound 3- 
Oxides, hydroxides, 5.E-01 

carbides, ha1 ides,  
n l  t r a t e s  

A l l  o the rs  5.E-01 

Oxides, hydroxides, l .E-01 
ha1 Ides, n i t r a t e s  

A l l  o the rs  1 .E-01 

A l l  forms 5. E-04 

Oxides, hydroxides, 2.E-02 
ha l i des ,  n i t r a t e s ,  
s u l  ph i  t e s  

form 
Sulphates, elemental 2.E-02 

Organic forms 1 .  E+OO 
Vapor 

Mo s, 
Oxides, hydroxides, 5.E-02 

8.E-01 A l l  o thers 

Inqes t i os’ 
MoS, 5.E-02 
A1 1- others 8.E-01 

Oxides, hydrox i des, 3.E-04 
carbides, 
f l u o r i d e s  

A l l  o thers 3.E-04 

A l l  forms l .E-03 

Oxides, hydroxides 5.E-02 
A l l  o the rs  (vapor)  - 

Oxides, hydroxides 1 .E-02 
A l l  o the rs  1 . E - O 2  

Lung 
Re ten t ion  Class 

w 

w 

D 

D 
D 

Y 

D 

Y 

W 

W 

W 
D 

Y 
W 

Figure I I I - 2  (contd) 
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El emen t/ 
Symbol 

Osmi um/ 
os 

Pal 1 adiurn/ 
Pd 

Phosphorus/ 
P 

Platinum/ 
Pt 

Plutonium/ 
Pu 

Pol on i um/ 
P o  

Potassium/ 
K 

Praesodymium/ 
Pr 

Promethium/ 
Pm 

Protactinium1 
Pa 

Radi um/ 
Ra 

Atomic 
Number 

76 

46 

15 

78 

94 

84 

19 

59 

61 

91 

88 

Compound 

Oxides, hydroxi des 
Hal ides, nitrates 
AI1 others. 

Oxides , hydroxides 
W i  trates 
All others 

Phosphates 

All forms 

Oxides, hydroxides 
Nitrates 
All others 
[Note: Use same 

values for 
ingestion] 

Oxides, hydroxides, 
nitrates 

All others 

All forms 

Oxides, hydroxides, 

All others 

carbides, 
fluorides 

Oxides , hydroxides, 

All others 

carbides, 
fluorides 

Oxides, hydroxides 
All others 

All forms 

3- 
1 .E-O2 
1 .E-02 
1 .E-02 

5.E-03 
5.E-03 
5.E-03 

8.E-01 

1 .E-O2 

1 .E-05 

1 .-E-04 
l.E-03 

1 .E-01 

1 .E-01 

1. Et00 

3. E-04 

3..€-04 

3.E-04 

3. E-04 

1. E-03 
1 .E-03 

2.E-01 

DOE 5400.5 
2-8-90 

Lung 
Retention Class 

Y 
W 
0 

Y 
Y 
D 

W or 0; dependent 
upon associated 
el emen t 

D 

Y 
W 
W 

W 

D 

O 

Y 

W 

Y 

W 

Y 
W 

W 

Figure I I 1-2 (contd) 
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El emen t/ 
Symbo 1 

Rheni um/ 
Re 

Rhod i urn/ 
Rh 

Rubi di um/ 
Rb 

Rutheni urn/ 
Ru 

Samarium/ 

Scandi urn/ 

Selenium/ 

Sm 

sc 

Se 

Silicon/ 
Si 

Silver/ 
Ag 

Sod i um/ 

Strontium/ 

Na 

' Sr 

Atomi c 
Number 

75 

45 

37 

4 4  

62 

2 1  

34 

1 4  

47  

11 

38 

Compound 

Oxides, hydroxides, 
ha1 Ides, ni trates 

All others 

Oxides, hydroxides 
Hal ides 
All others 

All forms 

Oxides, hydroxides 
Ha1.i de s 
All others 

All forms 

A11 forms 

Oxides, hydroxides, 
c arbi des 

All others 
Ingestion only 

Ceramic forms 
Oxides, hydroxides, 

All others 
carbides, nitrates 

Oxides, hydroxides 
Nitrates, sulphides 
All others, ele- 

mental form 

All forms 

SrTiO, 
All others (soluble) 

Figure I I 1-2 (contd) 

3- 
8.E-01 

8.E-01 

5.E-02 
5.E-02 
5 .  E-02 

1 .E+OO 

5.E-02 
5.E-02 
5.E-02 

3.E-04 

1 .E-04 

8.E-01 

8.E-01 
5.E-02 

1 .E-02 
1 .E-02 

1 .E-02 

5.E-02 
5.E-02 
5.E-02 

1. Et00 

1 .E-02 
3.E-01 

I I 1-33 

Lung 
Retention Class 

U 

0 

Y 
U 
D 

D 

Y 
W 
D 

W 

Y 

W 

D - 
Y 
W 

D 

Y 
W 
O 



DOE 5400.5 
2-8-90 I 11-34 

Lung 
Retent ion C l a s s  

W o r  D; dependent 
upon associated 
element - 

W 
D 

Element/ 
Symbol 

Sul f u r /  
S 

Atomic 
Number 3- 

1 .E-01 

Compound 

Sulphates, sulphides 16 

A1 1 i norgani c 
Elemental form 
Gases 

8.E-01 
1 ,E-01 
1. E t O O  

Tantal urn/ 
Ta 

73 Oxides, hydroxides, 

A l l  others 

ha l ides,  carbides, 
n i t r a t e s ,  n i t r i d e s  

1. E-03 'Y 

1 .E-03 

8.E-01 

8.E-01 

2.E-01 

2 .  E-01 

Technetium/ 
Tc 

43 Oxi des, hydrox i des, 
ha1 ides, n i t r a t e s  

A l l  others 

W Tel lur ium/  
Te 

52 Oxides, hydroxides, 
n i t r a t e s  

A l l  others D 

A l l  forms 3. E-04 W Terbi um/ 
Tb 

65 

81 

90 

69 

50 

Tha l l  i um/ 
T1 

A l l  forms 1. E t O O  D 

Thori um/ 
Th 

Oxides, hydroxides 2. E-04 
A l l  o thers 2. E-04 

Y 
W 

Thul i um/ 
I Tm 

A l l  forms 3 .  E-04 W 

Tin/  
Sn 

Oxides, hydroxides, 2. E-02 
ha l ides ,  n i t r a t e s ,  
sulphides, 
Sn, (PO, 1. 

A l l  others 2.E-02 

W 

D 

Titanium/ 
T i  

i 2  S r T i O ,  1 .E-02 
Oxides, hydroxides, 1 .E-02 

carbides, ha l ides ,  
n i t r a t e s  

A l l  others 1 .E-02 

Y 
W 

D 

F igure I I 1-2 (contd) 
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E 1 eme n t/ 
Symbol 

Tungsten/ 
W 

Urani  um/ 
U 

Vanadium/ 
V 

Yt terbium/ 
Yb 

Y t t r i um/ 

Zinc/  
Zn 

Y 

Z i  r c o n i  urn/ 
Z r  

Atomic 
Number 

74 

92 

23 

70 

39 

30 

40 

Compound 

I n  e s t i o @  
h a c  i d  
A 1  1 -o thers 

U b  Yo, 
UO,, t e t r a v a l e n t  

compounds 
UF,, urany l  

compounds 

Oxides, hydroxides, 
carbides, ha1 ides 

A l l  o thers  

Oxides, hydroxides, 

A l l  o thers  
f 1 u o r i  des 

Oxides, hydroxides 
A l l  others 

A l l  forms 

C a r b i  des 
Oxides, hydroxides, 

ha1 ides,  n i t r a t e s  
A l l  o thers 

A- 

l .E-02 
3.E-01 

2.E-03 
5.E-02 

5.E-02 

1 .E-02 

l .E-02 

3 .  E-04 

3. E-04 

1 .E-04 
1. E-04 

5.E-01 

2.E-03 
2.E-03 

2 .  E-03 

lJA dash i nd i cates no data for the va I ue shown. 
2J For i ngest ion, no lung retention classes are I isted. 

Figure I 11-2 (contd) 

Lung 
Retent ion  C l a s s  

W 
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Radionuclide H a l f  - L i  f e  
A i r  Immersion 
DCG (pCi /mL)  

2.E-08 20.48 rnin 

9.97 min 
7.13 s 

122.24 s 

109.74 rnin 

15.00 h 

9.458 rnin 

2.240 min 

37.21 min 

35.02 d 
269 yr 
1.827 h 

22.6 h 

8.719 min 

c-11 

N-13 
N-16 

0-15 

F - l g  

Na-24  l/ 
Mg-27- 2/ 

A1 -2g' 
C1-3& 

A r - 3 7  
Ar-39 
A r - 4 1  

K - 4 3 Y  

Ca-492/ 

2.E-08 
3.E-09 

2.E-08 

2..E-08 

4 .  E-09 

2.E-08 

1. E-08 

1 .E-08 

::E::& 
1. E-08 

2.E-08 

5.E-09 

sc - 4 4 y  
Sc - 4 6 a  

3.927 h 
18.72 s 

9.E-09 
2 .  E-07 

T i  -4Q' 
T i  - 5 l g  

3.08 h 
5.752 min 

2.E-08 
5.E-08 

3.75 min 1. E-08 

42.09 min 2.E-08 

M n - 5 2 p  
1 4 n - d  
M" - 5 7 y  

Co - 6 0 d  

21.4 min 
2.5785 h 
1.47 min 

8.E-09 
1 .E-08 
2.E-07 

10.47 min 4.E-06 

36.08 h 1 .E-08 

Figure 111-3 
Derived Concentration Guides (DCGs) f o r  Members o f  the Pub1 i c  from 

External Exposure During Immersion i n  a Contaminated Atmospheric Cloud 
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Radionucl ide 

N 1 - 6 d ’  ?/ 
C u - 6 1 y  
C u - 6 2 v  

Ga - 6 a  
G a - 6 8 y  
G a - 7 2 u  

Kr-79 
Kr-81 
K r  - 83m 
Kr-85 
Kr-85m 
Kr-87 
K r -88  
Kr-89 
Kr-90 

Rb-82$ 

Rb-89-!/ 
Rb-9$/ 

Rb-81- 1/ 

Rb-88- 

Rb - 9 0 ~  

Sr-85m- 1/ 
S r - 8 7 ~  1/ 
S r  - 92u 
Sr-93 

Y - 8 d  

Y - 9 l w  
Y -90% 

N b - 9 g  

H a l f - L i f e  

2.520 h 

3.408 h 
9.74 min 

9.40 h 
68.0 min 
14.1 h 

7.15 h 

57.04 h 
17.4 min 
35.30 h 
31.80 min 
172 s 

35.04 h 
2.1Et05 yr 
1.83 h 
10.72 y r  
4.48 h 
76.3 min 
2.84. h 
3.16 min 
32.32 s 

4.58 h 
1.25 min 
17.8 min 
15.44 min 
157 s 
258 s 

67.66 min 
2.805 h 
2.71 h 
7.3 min 

14.74 h 
3.19 h 
49.71 rnin 

14.60 h 

Figure I I 1-3 (contd) 

A i r  Immersion 
DCG (pCi/mL) 

3.E-08 

2.E-08 
‘2.E-08 

7. E-09 
2.E-08 
7.E-09 

2.E-08 

6.E-0@/ 
2.E-07 
7 .  E-09 
1 .E-08 
2.E-07 

8.E-08 
2.E-06 
2.E-04 

. 1.E-07 
2.E-08 
9.E-09 
.1. E -08 
1 .E-08 

3.E-06’  

3.E-08 
2.E-08 
3.E-08 
9.E-09 
8.E-09 
5.E-09 

9.E-08 
6.E-08 
1 .E-08 
8.E-09 

5. E -0g6, 
3 .  E -08- 
4.E-08 

4.E-09 

I 11-37 
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A i r  Immersion 
DCG (pCi /mL)  

4.E-06 
3.E-08 
3.E-08 

Hal f - L i f e  Radionucl ide 

6.26 rnin 
72.1 rnin 
60 s 

2.E-08 
1 .E-08 

15.49 rnin 
14.61 min 

T c - 9 f l  
Tc -96&, 

2.E-08 
5.E-07 
1. E-07 
6.E-08 

20.0 h 
51.5 min 
6.02 h 
14.2 min 

Tc - 9 9 d ’  1/ Tc- lOl-  

R u - l O g  4.44 h 2. E-08 

7 .  E-07 
8.E-08 

45 s 
29.92 s 

7.E-07 
4.E-06 
4.E-07 

2.37 rnin 
39.6 s 
24.57 s . .  

Cd- 11 1~ 2/ 

I n - 1 1 3 ~  1/ 

;;::;;v 

Cd- 117- 
C d - 1 1 7 d  

In-114 1/ 

Sb-117Y 
S b - 1 2 6 p  
S b - 1 2 d  

Te-1331/ 

T e - 1 3 4 l  
Te-133rp- 1/ 

7.E-08 
2.E-08 
9.E-09 

48.7 rnin 
2.49. h 
3.36 h 

8.E-08 
5.E-07 
8.E-09 
3.E-08 

1.658 h 
71.9 s 
54.15 rnin 
43.8 min 

1 . L O 7  
1 .E-08 
1 .E-08 

2.80 h 
19.0 min 
4.40 h 

12.45 min 
55.4 min 
41.8 min 

2.E-08 
8.E-09 
2.E-08 

3.62 min 
24.99 rnin 
2.30 h 
52.6 min 
6.61 h 
83 s 

2.E-08 
2.E-07 
8.E-09 
7. E - 0961 
1 .E-08- 
7.E-09 I - 1369 

Figure I I 1-3 (contd) 
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Radionuclide 

Xe-122 
Xe-123 
Xe-125 
Xe-127 
Xe-129111 
Xe-131111 
Xe- 133 
Xe-133m 
Xe-135 
Xe - 135m 
Xe-137 
Xe-138 

cs-12& 
c s - 1 2 g  

cs-13& 
Cs-13&1/ 

B a - 1 3 71f2’ 
8 a - 1 4 l d  
Ba-142- 

La-142y 

P r - 1 4 4 a  

Nd- 14d’ 

Gd - 1 6ZV 

T d  - 162?’ 

Dy-1571/ 

Re-182& 

os - 1 9 0 a  

Ir-190m- 1/ 

A u - 1 9 5 a  

H a l f - L i f e  

20.1 h 
2.14 h 
16.8 h 
36.406 d 
8.89 d 
11.84 d 
5.245 d 
2.19 d 
9.11 h 
15.36 rnin 
3.83 min 
14.13 min 

1.64 min 
32.06 h 
32.2 min 
9.40 min 

2.552 min 
18.27 min 
10.70 min 

95.4 min 

7.2 min 

1.73 h 

9.7 min 

7.76 min 

8.06 h 

12.7 R 

9.9 min 

3.2 h 

30.6 s 

A i r  Imnersion 
DCG (pCl/mL) 

3 .  E-07 
3.E-08 
8.E-08 
7.E-08 
8.E-07 
2.E-06 
5.E-07 
6.E-07 
8.E-08 
5.E-08 
9.E-08 
2.E-08 

::;::k 
8.E-09 
5. E-08 

3.E-08 
2.E-08 
2.E-08 

6.E-09 

4.E-06 

5.E-08 

5.E-08 

2.E-08 

6.E-08 

2.E-08 

l.E-08 

S.E-07v 

1 .E-07 

F igure I I 1-3 (contd) 

I 11-39 
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Radionuclide 

T 1 - 2 0 d  
T1 -207u 

T1-21& 

P b - 2 0 4 d  

B i  - 2 1  Iy  

1 1  - 20& 
11 - 2 0 a  

Po-211- 2/ 

Th- 233v 

Pa-234” 
2/ Pa - 2 3 4 w  

U - 2 3 d  

Np - 2 4 e ,  

Am-24&’ 

Np-240111- 

Hal f - L I  f e  

26.1 h 
4.77 min 
3.053 min 
2.20 rnin 
1.30 min 

66.9 min  

2 . 1 3  min 

0.516 s 

55.61 s 
3.82 d 

2 2 . 3  min 

‘ 6.70 h 
1.17 min 

2 3 . 4 0  min 

6 5  min 
7 . 4  min 

2 5 . 0  min 

DOE 5400.5 
2-8-90 

A i  r Imners i on 
DCG b C l / m L )  

1 .E-08 

5.E-89 
9.E-09 
7.E-09 

1 . L O &  

9.E-09 

4.E-07 

2.E-06 

3.E-09 
3.E-09 

5.E-07 

1.E-08 
8.E-07g 

4 .  E -07y 

2.E-08 
6.E-08 

2.E-08 

lJ Committed e f fec t i ve  dose equ i va I en t  from i nha I a t  i on i s 
ca I cu I ated i n I CRP Pub I i ca t  i on 30, but  the DCG .va I ue 
f o r  externa I exposure t o  a contam i nated atmospher i c 
cloud i s  more r e s t r i c t i v e  than the DCG value f o r  
inhalation. 

1/ Comm i t t e d  e f f e c t  i ve dose equ i va I en t  from i nha I a t  i on i s 
not  calculated i n  ICRP Pub1 ica t ion  30, but  DCG value 
f o r  external exposure t o  contaminated cloud should be 
more r e s t r i c t i v e  than DCG value f o r  inhalat ion due t o  
r e l a t i v e l y  short  h a l f - l  i f e  o f  radionucl ide. 

3J DCG va lue i s  determined by I im i t  on annual dose 
equivalent t o  sk in ,  rather than l i m i t  on annual 
e f f e c t  i ve dose equ i va I ent . 

Figure I 11-3 (contd) 
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I I  1-41 (and I 11-42) 

4f DCG value appl ies t o  radionucl ide i n  vapor. form only; 
DCG value f o r  inhalat ion i s  more r e s t r i c t i v e  f o r  
rad i onuc I i de i n i norgan i c form. 

SJ DCG value appl ies t o  radionucl ide . i n  inorganic o r  
vapor form. 

6J DCG value f o r  exposure t o  contaminated atmospheric 
cloud i s  the same as DCG value f o r  inhalat ion.  

I/ The value shown f o r  radon gas i s  a r e s u l t  o f  u n i t  
conversion from 3 pCi/L t o  3 pCi/mL. 

Figure I I 1-3 (contd) 
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IV-1 

1. PURPOSF, This chapter presents rad io log ica l  protect ion requirements and 
guidel ines f o r  cleanup o f  residual rad ioac t ive  material and management o f  the 
resu I t i  ng wastes and res i dues and r e  I ease o f  property. These requ i rements and 
g u i d e l i n e s  a r e  a p p l i c a b l e  a t  t h e  t i m e  t h e  p r o p e r t y  i s  released. P roper t y  
subject t o  these c r i t e r i a  includes, bu t  i s  no t  I imited t o  s i t e s  i den t i f i ed  by 
the  Formerly U t i l i z e d  Sites Remedial Ac t ion  Program (FUSRAP) and t h e  Surplus 
F a c i l i t i e s  Management Program (SFMP). The top i cs  covered are basic dose 
l i m i t s ,  guidel ines and authorized l i m i t s  f o r  allowable levels o f  residual 
radioact ive mater ia l ,  and control  o f  the  rad ioac t ive  wastes and residues. 
This chapter does not apply t o  uranium m i  I I '  t a i  I ings o r  t o  propert ies covered 
by mandatory legal requirements. 

2 .  IMPLFMFNTATION, DOE elements shal I develop plans and protocols f o r  the  
implementation o f  t h i s  guidance. FUSRAP s i t e s  sha l l  be i den t i f i ed ,  
characterized, and designated, as such, f o r  remedial act ion and c e r t i f i e d  f o r  
r e  lease. 
presented here i n , 
guidel ines f o r  allowable levels o f  residual  radioact ive material from basic 
dose I im i ts ,  i s  contained i n  DOE/CH 8901, "A Manual f o r  Implementing Residual 
Radioactive Material Guidelines, A Supplement t o  the U . S .  Department o f  Energy 
Guidelines f o r  Residual Radioactive Mater ia l  a t  FUSRAP and SFMP S i tes , "  June 
1989. 

a .  \ This chapter provides guidance on 

Information on app I i ca t  ions o f  the  guide I i nes and requ i rements 
i nc I ud i ng procedures f o r  der i v i ng spec i f i c property 

rad ia t i on  protect ion o f  the pub1 i c  and the  environment from: 

(1 ) Residua I concentrations o f  rad i onuc I ides i n  so i I ( f o r  these purposes, 
s o i l  i s  defined as unconsolidated earth mater ia l ,  including rubble 
and debr is t h a t  might be present i n  earth mater ia l ) ;  

(2) Concentrations o f  airborne radon decay products; 

(3) Externa I gamma rad i a t  i on, 

(4) Surface contaminat ion; and 

(5) Radionucl ide concentrations i n  a i r  o r  water resu l t l ng  from o r  
associated with any o f  the above. 
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b.  Basic Dose L i m i t .  The basic dose l i m i t  f o r  doses resu l t i ng  from 
exposures t o  residual radioact ive material i s  a prescribed standard 
f rom which I imi ts  f o r  quant i t ies  tha t  can be monitored and control led 
are derived; i t  i s  speci f ied i n  terms of the e f fec t i ve  dose equivalent 
as defined i n  t h i s  Order. The basic dose l i m i t s  are used f o r  der iv ing 
guidel ines fo r  residual concentrations o f  radionucl ides i n  s o i l .  
Guide I i nes f o r  residua I concentrations o f  thor i urn and rad i um i n  so i I , 
concentrations o f  a i rborne radon decay products, a I I owab I e i ndoor 
external gamma rad ia t i on  levels, and residual surface contamination 
concentrations are based on exis t ing radiological  protect ion standards 
(40 CFR Par t  192; NRC Regulatory Guide 1.86 and subsequent NRC guidance 
on residual radioact ive mater ia l ) .  Derived guidel ines or I imi ts  based 
on the basic dose I imi t s  f o r  those quant i t ies  are used only when the 
guidel ines provided i n  the ex is t ing standards are shown t o  be 
inappropriate, 

c .  Guideline. A guidel ine f o r  residual radioact ive material i s  a level o f  
radioact ive material t h a t  i s  acceptable f o r  use o f  property without 
r e s t r i c t i o n s  due t o  residual radioact ive mater ia l .  Guidelines f o r  
res i dua I rad i oact i ve mater i a I presented here i n are o f  two k i nds, 
generic and spec i f i c .  The basis f o r  the guidel ines i s  general ly a 
presumed worst-case p I aus i b I e-use scenar i o  f o r  the property. 

(1) Generic guidel  ines, independent o f  the property, are taken from 
ex i s t i ng  rad ia t i on  protect ion standards. Generic guidel ine values 
are presented i n  t h i s  chapter. 

(2) Speci f ic  property guidel ines are derived from basic dose I imi ts  
using spec i f i c  property models and data. 
der i v i ng spec i f  i c property guide I i ne va I ues are g i ven by DOE/CH 
8901. 

Procedures and data f o r  

d .  Authorized L im i t .  An authorized l i m i t  i s  a level o f  residual rad io 
act ive material t h a t  shal I not be exceeded i f  the remedial act ion i s  t o  
be considered completed and the property i s  t o  be released without 
r e s t r i c t i o n s  on use due t o  residual radioact ive mater ia l .  

(1) The authorized I imi ts  f o r  a property w i  I I include 

(a) L imi ts  f o r  each radionucl ide or group o f  radionucl ides, as 
appropriate, associated wi th  residual radioact ive material i n  
soi I or i n  surface contaminatlon o f  structures and equipment . 

appropriate, i n  a i r  or water; and 

resu l t i ng  from the residual mater ia l .  

(b) L i m i t s  f o r  each radionucl ide or group o f  radionucl ides, as 

(c) Where appropriate, a I imi t on external gamma radiat ion 
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IV-3  

(2 )  Under normal circumstances expected a t  most propert ies,  authorized 
I imi ts  f o r  residual radioact ive material are set  equal t o ,  o r  below 
gu i de I i ne va I ues . Except i ona I cond i t  ions f o r  wh i ch author i zed I i mi t s -  
might d i f f e r  from guidel ine values are speci f ied i n  paragraphs IV-5  
and I V - 7 .  

(3) A property may be released without r e s t r i c t i o n s  i f  residual 
radioact ive material does not exceed the authorized l i m i t s  or 
approved supplemental I imi ts ,  as defined i n  paragraph IV .7a ,  a t  the 
t i  me remed i a I ac t  ion i s completed . 
t i o n s  and controls on use o f  the property shal I be governed by 
provis ions i n  paragraph I V .  7b. The appl icable controls and 
r e s t r i c t i o n s  are speci f ied i n  paragraph IV.6 and IV.7.c.  

DOE act ions i n  regard t o  restr  ic- 

e. ALARA ADD I i cat  i ons . The mon i t o r  i ng , c I eanup, and contro I o f  res i dua I 
radioact ive material are subject t o  the ALARA pol icy o f  t h i s  Order 
Appl ications o f  ALARA pol icy shal I be documented and f i led as a permanent 
record. 

3 .  

d Determining Dose l i m i t s ,  The basic pub l i c  dose l imi ts  f o r  

background" exposures, are 100 mrem (1 mSv) ef fect ive dose 

. .  . .  a .  
exposure t o  residual radioactive mater ia l ,  i n  addi t ion t o  natural 
occurr i ng 
equivalent i n  a year, as speci f ied i n  paragraph l l . l a .  

impracticable t o  meet the basic 
scenarios, the respective p ro jec t  and/or program o f f i c e  may, pursuant t o  
paragraph I I  . la(4),  request from EH-1 f o r  a specif ic authorization f o r  a 
temporary dose I i m i t  higher than 100 mrem (1 mSv) , but  not greater than 
500 mrem (5mSv), i n  a year,  ,Such unusual circumstances may include 
temporary condit ions a t  a properly scheduled f o r  remedial act ion o r  
f o l  lowing the remedial action. The A U R A  process sha I I apply t o  the 
se I ect i on o f  temporary dose I i m i t s  . 

4 .  GU I DFI I NES FOR RFS I DUAL RAD I OACT I VF MATFR I AI 

b .  a l  Circumstances. I f ,  under unusual circumstances, i t  i s  
I i m i t  based on real i s t i c  exposure 

a .  Residual Radionuclides i n  Soi I ,  Generic guide1 ines f o r  thorium and 
rad i urn are spec i f i ed be I ow. Gu i de I i nes f o r  res i dua I concentrat i ons o f  
other radionucl ides shal l  be derived from the basic dose l i m i t s  by means 
o f  an environmental pathway analysis using speci f ic  property data where 
ava i I ab I e .  
Residual concentrations o f  radioact ive material i n  s o i l  are defined as 
those i n  excess of background 
m 2 .  

Procedures fo r  these der i vat i ons are given in  DOE/CH-8901. 

concentrations averaged over an area of 100 
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(1) I f  the average concentration i n  any surface or  
below-surface area less than or equal t o  25 , exceeds the I imi t  
or  guidel ine by a factor o f  (IOO/A) , [where A i s  the area ( i n  
square meters) o f  the region i n  which concentrations are 
e I evated] , I i m i t s  f o r  'I hot-spots" sha I I a I so be deve I oped and 
applied. Procedures f o r  calculating these hot-spot l im i ts ,  which 
depend on the extent o f  the elevated local concentrations, are 
given in  DOE/CH-8901 . In  addition, reasonab I e e f fo r t s  sha I I be 
made t o  remove any source o f  radionucl ide tha t  exceeds 30 times 
the appropriate I im i t  f o r  soi I ,  irrespective o f  the average 
concentration in  the soi I . 

The generic guidelines f o r  residual 
concentrations o f  Ra-226, Ra228, Th-230, and Th-232 are 

(2) Genet- i c Guide I i nes * 

(a) 5 pCi/g, averaged over the f i r s t  15 cm o f  soi I below the 
surface; and 

(b) 15 pCi/g, averaged over 15-cm-thick layers o f  so i l  more than 
15 cm below the surface. 

(3) lnarowth and Mixtures. These guidelines take into account 
ingrowth o f  Ra-226 from Th-230 and o f  Ra-228 from Th-232, and 
assume secular equi I ibrium. 
Th-232 and Ra-228 are present and not i n  secular equi I ibrium, the 
appropriate guideline i s  applied as a l i m i t  f o r  the radionuclide 
with the h i gher concentration. I f  other mixtures o f  rad i onuc I i de 
occur, the concentrations o f  individual radionuclides shall be 
reduced so tha t  e i ther  the dose f o r  the mixtures w i  I I not exceed 
the basic dose I i m i t  o r  the sum o f  the ra t i os  o f  the soi I 
concentration o f  each radionucl ide t o  the a l  lowable I imit  f o r  tha t  
radionucl ide w i  I I not exceed 1.  Expl i c i t  formulas f o r  calculating 
residual concentration guidelines f o r  mixtures are given in  

I f  both Th-230 and Ra-226 or both 

DOE/CH-8901 . 

b .  A i  rborne Radon Decay Products, Gener i c gu i de I i nes f o r  concentrat i ons 
o f  airborne radon decay products shal I apply t o  exist ing occupied or  
hab i tab I e structures on pr ivate property tha t  are i ntended fo r  re  I ease 
without res t r i c t ion ;  structures tha t  w i l l  be demolished or  buried are 
excluded. The applicable generic guidel ine (40 CFR Part 192) i s :  In  
any occupied or habitable bui Iding, the objective o f  remedial action 
shal I be, and a reasonable e f f o r t  shal I be made t o  achieve, an annual 
average (or equ i va I ent) radon decay product concentration ( i nc I ud i ng 
background) not  t o  exceed 0.02 WL. [ A  working level (WL) i s  any 
combination o f  short I ived radon decay products in 1 L o f  a i r  t h a t  wi I I 
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r e s u l t  i n  the  u l t ima te  emission o f  1 . 3  x 106 MeV o f  po ten t i a l  alpha 
energy. ] I n any case, the radon decay product concentration ( i nc I ud i ng 
background) shal I not exceed 0.03 WL. Remedial act ions by DOE are not 
requt red i n  order t o  comply wi th  t h i s  guidel ine when there i s  ceason 
able assurance tha t  residual radioact'ive material i s  not the source o f  
the radon concentration. 

. .  
C. The average level o f  gamma radiat ion inside 

a bui lding o r  habitable structure on a s i t e  t o  be released without 
res t r i c t i ons  shal l  not  exceed the background level by more than 20 pR\h 
and shal I comply wi th  the basic dose I i m i  t when an "appropriate-use" 
scenario i s  considered. This requirement shal l  not  necessarily apply 
t o  structures scheduled f o r  demolition o r  t o  buried foundations. 
External gamma radiat ion levels o r  open lands shal I also comply wi th  
the basic I i m i t and the ALARA process, cons i der i ng appropr i ate-use 
scenarios f o r  the area. 

d .  Surface CQIUIII i nat i on. The gener i c surface contam i nat ion gu i de I i nes 
provided i n  Figure IV-I are appl icable t o  ex i s t i ng  structures and 
equipment. These guidel ines are generally consistent wi th  standards o f  
the NRC (NRC 1982) and functional l y  equivalent t o  Section 4 ,  "Decon- 
tam i nat i on f o r  Re I ease f o r  Unrestr i cted Use, " o f  Regu I atory Gu i de 1 .86, 
but apply t o  nonreactor f a c i l i t i e s .  These l i m i t s  apply t o  both 
i n te r i o r  equipment and bui ld ing components t h a t  are po ten t i a l l y  
salvageable o r  recoverable scrap. I f  a bui ld ing i s  demo1 ished, the 
guidelines i n  paragraph IV.6a are applicable t o  the resul t ing con- 
tamination i n  the ground, 

idual Radionuclides i n  A i r  and Water. Residual concentrations o f  . .  e. 
radionucl ides i n  a i r  and water shal I be control led t o  the required 
levels shown i n  paragraph I I . l a  and as required by other appl icable 
Federal and/or State laws. 

Iishment of Authorized L imi ts .  The authorized l i m i t s  f o r  each . .  a.  
property shal I be set  equal t o  the generic or  derived guidel ines unless 
i t  can be establ ished, on the basis o f  spec i f ic  property data 
( including health, safety, pract ica l ,  programmatic and socioeconomic 
considerations), t ha t  the guidel ines are not a propr iate f o r  use a t  the 
specific property. The authorized 1 imi ts sha I P be establ i shed t o  (1) 
provide tha t ,  a t  a minimum, the basic dose l i m i t s  o f  i n  paragraph IV .3 ,  
wi I I not be exceeded under the "worst case" o r  "plausi ble-use" 
scenarios, 
DOE/CH-8901, or  (2)  be consistent wi th appl icable generic guidelines. 
The authorized l i m i t s  shal l  be consistent wi th  l i m i t s  and guidelines 
established by other appl icable Federal and State laws. The authorized 
I imits are developed through the project  o f f i c e s  i n  the f i e l d  and are 
approved by the Headquarters Program Off ice.  , 

cons i s tent  w i t h  the procedures and gu i dance prov i ded i n 

I V - 5  
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F i w e  IV-1 
S u r f x U & o L a m  i na t  i on Gu i de I i ne5 

- --- -. . . -. . - - .- 

A l l o w a b l e  T o t a l  Res idua l  Su r face  Contaminat ion 

Rad ionuc l i de+  
(dpm/100 cf l )L/  

Av e r a q  d ' '. , H ax i mud'. Y R emo v ab 1 e!'. S_; 

Transuran ics ,  1-125, 1-129. RESERVED RESERVED RESERVED 
Ra-226, Ac-227, Ra-228, 
Th-228, Th-230,. Pa-231. 

1-131, 1-133, Ra-223, 
R a - 2 2 4 ,  U-232, Th-232.  

Th -Na tu ra l ,  Sr-90,  1 -126.  1 .ooo 3,000 200 

U - N a t u r a l ,  U-235, U-238. 
and assoc ia ted  decay 
p roduc t ,  a lpha  emi t t e r s .  

5 .  ooc 15,000 1,000 

15,000 1.000 Beta-gamma e m i t t e r s  5,000 
( r a d i o n u c l i d e s  w i t h  decay 
modes o t h e r  t h a n  a lpha 
emiss ion o r  spontaneous 
f i s s i o n )  excep t  Sr-90 and 
o t h e r s  n o t e d  above 2' 

As used i n  t h i s  tab le ,  dpm (d is in tegra t ions  per minute) means the  r a t e  o f  
emission by radioact ive material as determined by cor rec t ing  the  counts per 
minute measured by an appropriate detector f o r  background, e f f i c i ency ,  and 
geometric f ac to rs  associated w i t h  the  instrumentation. 

Where surface contamination by both alpha- and beta-gamma-emitting 
radionucl ides ex i s t s ,  the l i m i t s  establ ished f o r  alpha- and beta-gamma- 
emi t t ing  radionucl ides should apply independently. 

Measurements o f  average contamination should n o t  be averaged over an area of 
more than 1 m'. For objects o f  less surface area, the  average should be 
derived f o r  each such ob jec t .  

The average and max i mum dose rates assoc i ated w i t h  surface contami nat ion 
resu l t i ng  from beta-gamma emit ters should no t  exceed 0.2 mrad/h and 1 .O 
mrad/h, respect ively,  a t  1 cm. 

The maximum contaminat ion level appl ies t o  an area o f  not more than 100 cm2. 
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fd The amount o f  removable mater ia l  per 100 crr? o f  surface area should be 
determined by wiping an area o f  t h a t  s ize  w i t h  d ry  fi I t e r  o r  s o f t  absorbent 
paper, apply ing moderate pressure, and measuring the amount o f  rad ioact ive 
material on the  wiping w i t h  an appropriate instrument o f  known e f f i c i e n c y .  
When removable contamination on objects  o f  surface area less than 100 cm2 i s  
determined, the  a c t i v i t y  per u n i t  area should be based on t h e  actual area and 
the e n t i r e  surface should be wiped. I t  i s  not  necessary t o  use wiping 
techniques t o  measure removable contamination leve ls  i f  d i r e c t  scan surveys 
ind icate t h a t  the t o t a l  residual surface contamination leve ls  are w i t h i n  the  
l i m i t s  f o r  removable contamination. 

Th i s category o f  rad i onuc I ides i nc I udes mi xed f i s s i o n  products, i nc I ud i ng the 
Sr-90 which i s  present i n  them. I t  does no t  apply t o  Sr-90 which has been 
separated from the  other f i s s i o n  products o r  mixtures where the Sr-90 has been 
enr i ched . 

21 

ADD1 i c a t i o n  o f  Authori7ed I im i ts .  Remedial act ion shal I n o t  be 
considered complete u n t i l  the residual  rad ioact ive mater ia l  leve ls  comply 
w i t h  t h e  authorized I i m i t s ,  except as authorized pursuant t o  paragraph 
IV.7 f o r  special s i t u a t i o n s  where the  supplemental l i m i t s  and exceptions 
should be considered and i t  i s  demonstrated t h a t  i t  i s  not  appropr iate t o  
decontaminate the  area t o  the authorized l i m i t  o r  gu ide l ine value. 

. .  
b .  

6.  CONTROI OF RFS I DUAl RAD I OACT I VF MATFR I AI . Res i dua I rad i oact  i ve mater i a I above 
the  guide1 ines shal I be managed i n  accordance w i t h  Chapter I I and the 
fo l low ing  requirements. 

a .  a l  and Control R e a u i r e m e m  The operational and contro l  . 
requ i rements, spec i f  i ed i n the f o  I I owi ng Orders sha I I app I y t o  i n t e r  i m 
storage, in ter im management, and long-term ,management. 

(1 ) DOE 5000.3B, Occurrence Report i ng and Process i ng o f  Operat i ons I nformat i on 

(2) DOE 5440.1 E ,  N a t  i ona I Env i ronmenta I Po I i cy Act Comp I i ance Program 

(3) DOE 5480.4, Environmental Protect ion,  Safety, and Health Protect ion 
Standards 

(4) DOE 5482.1 B , Env i ronmenta I , Safety, and Hea I t h  Appra i sa I Program 

(5) DOE 5483.1A, Occupational Safety and Health Program f o r  DOE Employees 
a t  Government-Owned, Contractor-Operated F a c i l i t i e s  

(6) DOE 5484.1, Environmental Protect ion,  Safety, and Health Protect ion 

(7) DOE 5820.2A, Radioactive Waste Management. 

I nformat i on Report i ng Requ i rements 

Ver t ica l  l i n e  denotes change. 
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b .  J nter i m St0rag.L 

(1 ) Contro I and stab i I i zat  i on features sha I I be designed t o  provide, 
t o  the extent reasonably achievable, an e f f e c t i v e  l i f e  o f  50 years 
w i th  a minimum l i f e  o f  a t  least 25 years. 

(2) Controls shal I be designed such t h a t  Rn-222 concentrations i n  the 
atmosphere above f a c i l i t y  surfaces or openings i n  addi t ion t o  
background levels,  w i l l  not exceed: 

(a) 100 pCi/L a t  any given point ;  

(b) An annual average concentration o f  30 pCi/L over the fac i  I i t y  
s i te ;  and 

(c) An annual average concentration o f  3 pCi/L a t  or above any 
I ocat i on outside the fac i I i t y  s i t e .  

(d) Flux rates from the storage o f  radon producing wastes shal I 
not  exceed 20 pCi1sq.m-sec , as required by 40 CFR P a r t  61. 

(3) Controls shal I be designed such t h a t  concentrat ions o f  
rad i onuc I ides i n the groundwater and quant i t ies  o f  residua I 
radioact ive material w i l l  not exceed appl icable Federal o r  State 
standards. 

(4)  Access t o  a property and use o f  ons i te  material contaminated by 
residual radioact ive material should be cont ro l led  through 
appropriate administrat ive and physical con t ro ls  such as those 
described i n  40 CFR P a r t  192. These contro l  features should be 
designed t o  provide, t o  the extent reasonable, an e f fec t i ve  I i f e  
o f  a t  least 25 years. 

c .  I nter i m Management. 

(1) A property may be maintained under an in ter im management 
arrangement when the residual radioact ive mater ia l  exceeds 
guidel ine values if the residual rad ioact ive material i s  i n  
inaccessible locations and would be unreasonably cos t ly  t o  remove, 
provided t h a t  administrat ive contro ls  are establ ished by the 
responsible author i ty  (Federal, State, o r  loca l )  . t o  protect  
members o f  the pub1 i c  and t h a t  such cont ro ls  are approved by the 
appropr i a te  Program Secretar i a I Of f i cer  . 

(2) The admin is t ra t i ve  cont ro ls  include b u t  a r e  n o t  I imi ted t o  
per iodic monitoring as appropriate; appropriate shielding; 
physical b a r r i e r s  t o  prevent access; and appropriate radiological  
safety measures during maintenance, renovation, demolition, or 
other a c t i v i t i e s  t h a t  might d is tu rb  the residual  radioact ive 
material or cause i t  t o  migrate. 

Vert ical l ine denotes change. 
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(3) The owner o f  the  property should be responsible f o r  implementing the 
admin is t ra t ive cont ro ls  and the cognizant Federal, State, o r  local 
author i t i  es shou I d be respons i b l  e f o r  enforc i ng them. 

d .  Lon:-Term Manaaement . 

(1 1 Uran i L Jhor i and The i Decay Products, 

(a) Control and stab i I i za t  i on features sha I I be designed t o  prov i de, 
t o  the  extent  reasonably achievable, an e f f e c t i v e  l i f e  o f  1,000 
years w i t h  a minimum l i f e  o f  a t  leas t  200 years. 

Rn-222 emanation t o  the atmosphere from the  wastes t o  less than 
an annual average release r a t e  o f  20 pCiM/s  and prevent 
increases i n  the  annual average Rn-222 concentrat ion a t  o r  above 
any locat ion outside the  boundary o f  the  contaminated area by 
more than 0 .5  pCi/L. 
shal I be i n  accordance w i t h  the requirements o f  40 CFR Par t  61. 

(b) Control and s tab i  I i z a t i o n  features shal I be designed t o  I i m i t  

F i e l d  v e r i f i c a t i o n  o f  emanation rates 

. . .  . .  

1 

Before any p o t e n t i a l l y  biodegradable contaminated wastes are 
placed i n  a long-term management f a c i  I i t y ,  such wastes shal I be 
proper ly condit ioned so t h a t  the generation and escape of 
biogenic gases w i  I I no t  cause t h e  requirement i n  paragraph 
IV.Gd(l)(b) t o  be exceeded and t h a t  biodegradation w i t h i n  the 
f a c i  I i t y  wi I I no t  r e s u l t  i n  premature s t ruc tu ra l  f a i  lu re  i n  
v i o l a t i o n  of  the requirements i n  paragraph IV.Gd(l)(a).  

(d) Ground water shal I be protected i n  accordance w i t h  legal l y  
app I i cab I e Federa I and State standards. 

(e) Access t o  a property and use o f  ons i te  mater ia l  contaminated by 
residual  rad ioact ive mater ia l  should be cont ro l led  through 
appropriate admin is t ra t ive and physical con t ro ls  such as those 
described in  40 CFR Par t  192. These cont ro ls  should be designed 
t o  be e f f e c t i v e  t o  the extent reasonable f o r  a t  least 200 years. 

shal I be i n  accordance w i t h  Chapters I I ,  I I I ,  and IV o f  DOE 5820.2A, 
as appl icable. 

Long-term management o f  other rad i onuc I i des ( 2 )  Other Rad i onuc I ides.  

SUPPI FMFNTAI L I M I TS AND FXCFPT I ONS I f  special spec i f ic  property 
circumstances ind icate t h a t  the  guidel ines o r  authorized l i m i t s  established 
f o r  a given property are no t  appropriate f o r  any p o r t i o n  o f  that  property, 
then the DOE-Field O f f i c e  Manager may request, through the  Program Of f i ce ,  
that  supplemental I i m i t s  o r  an exception be appl ied.  The responsible DOE 
F i e l d  O f f i c e  Manager shal l  document the decis ion t h a t  t h e  subject  guide- 
l ines  o r  authorized l i m i t s  are no t  appropriate and t h a t  the a l t e r n a t i v e  
act ion selected w i l l  provide adequate protect ion,  g i v i n g  due consideration 

Vert ical l i n e  denotes change. 
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t o  health and safety, the  environment, costs, and pub1 i c  pol icy  
considerations. The DOE F i e l d  O f f i c e  Manager sha l l  obta in  approval f o r  
s p e c i f i c  supplemental l i m i t s  o r  exceptions from Headquarters as speci f ied 
i n  paragraph I V . 5 ,  and s h a l l  provide t o  the Headquarters Program Office 
those mater i a I s. requ i red by Headquarters f o r  the j u s t  i f i c a t  i on as 
speci f ied i n  t h i s  paragraph and i n  the FUSRAP and SFMP protocols and 
subsequent guidance documents. The DOE Fiel'd O f f i c e  Manager shal I a lso be 
responsible f o r  coordinat ion w i t h  the State and local government regarding 
the l i m i t s  o r  exceptions and associated r e s t r i c t i o n s  as appropriate. I n  
the case o f  exceptions, t h e  DOE F i e l d  O f f i c e  Manager shal I be responsible 
f o r  coordinating w i t h  t h e  State and/or local governments t o  ensure the 
adequacy o f  r e s t r i c t i o n s  o r  condi t ions o f  release and t h a t  mechanisms are 
i n p I ace f o r  the i r enforcement. 

a. 

I 
i 

. 

I 

I 

Dlemental I imits, Any supplemental I im i ts  shal I achieve the  basic . .  

dose I imits s e t  f o r t h  i n  Chapter I I o f  t h i s  Order f o r  both current  and 
potent i a I unres t r i c ted  uses o f  a property .. Supp I ementa I I i m i t s  may be 
appl ied t o  any p o r t i o n  o f  a property if, on t h e  basis o f  a s p e c i f i c  
property ana I ys i s , i t i s demonstrated t h a t  

(1) Certain aspects o f  the  property were no t  considered i n  the 
deve I opment o f  t h e  estab I i shed author i zed I i m i t s  f o r  t h a t  
property; and 

e i t h e r  do no t  provide adequate pro tec t ion  or  are unnecessar i I y 
r e s t r i c t i v e  and c o s t l y .  

(2) As a r e s u l t  o f  these c e r t a i n  aspects, the  establ ished l i m i t s  

b .  Fxceptions t o  t h e  author ized I im i ts  def ined f o r  a property may be 
appl ied t o  any p o r t i o n  o f  t h e  property when i t  i s  establ ished t h a t  t h e  
authorized l i m i t s  cannot reasonably be achieved and t h a t  r e s t r i c t i o n s  
on use of the property are necessary. I t  sha l l  be demonstrated that  
the  exception i s. j u s t  i f i ed and t h a t  the  r e s t r  i c t  i ons w i  I I p ro tec t  
members o f  the pub1 i c  w i t h i n  the  basic dose I i m i t s  o f  t h i s  Order and 
w i  I I comply w i t h  t h e  requirements f o r  cont ro l  o f  residual  rad ioact ive 
material as s e t  f o r t h  i n  paragraph I V . 6 .  

The need f o r  c.  Just I f I c a t  i on f o r  SUDD I ementa I . I i m I t s  and Fxcept I o n L  
supplemental l i m i t s  and exceptions sha l l  be documented by the DOE F i e l d  
Of f i ce  on a case-by-case basis using s p e c i f i c  property data. Every 
reasonable e f f o r t  should be made t o  minimize the  use o f  supplemental 
l i m i t s  and exceptions. Examples o f  s p e c i f i c  s i t u a t i o n s  t h a t  warrant 
DOE use o f  supplemental standards and exceptions are:  

. .  . .  

(1) Where remedial a c t i o n  would pose a c lear  and present r i sk  o f  
i n j u r y  t o  workers o r  members o f  the  pub1 i c ,  notwithstanding 
reasonab I e measures t o  avoid o r  reduce r i sk . 

Vert ical  l ine denotes change 



DOE 5400.5 
2-8-90 IV-11 

(2) Where remedial ac t i on ,  even a f t e r  a l l  reasonable m i t i ga t i ve  measures 
have been taken, wou I d produce env i ronmenta I harm tha t  i s c I ear I y 
excessive compared t o  the health benef i ts t o  persons I iv ing on or  
near af fected propert ies,  now or i n  the fu tu re ,  A clear excess o f  
env i ronmenta I harm i s harm tha t  i s I ong-term, man i f e s t ,  and gross I y 
disproport ionate t o  heal th benef i ts t h a t  may reasonably be 
ant ic ipated. 

establ ish the authorized I imits do not apply t o  the property o r  
por t ion o f  the property i den t i f i ed ,  or where more appropriate scen- 
ar ios or assumptions indicate tha t  other l i m i t s  are appl icable or  
appropriate f o r  protect ion o f  the pub1 i c  and the environment. 

unreasonab I y h i gh r e  I a t  i ve t o  I ong- t e r m  benef i t s  and where the 
residual material does not  pose a c lear  present or fu ture r i s k  a f t e r  
tak i ng necessary contro I measure. The I i ke I i hood t h a t  bu i I d i ngs w i I I 
be erected or  t h a t  people wi I I spend long periods o f  time a t  such a 
property should be considered i n  evaluat ing t h i s  r i s k .  Remedial a c t -  
ion wi I I general l y  not  be necessary where only minor quanti t i e s  o f  
res i dua I rad i oact i ve mater i a I are i nvo I ved or where res i dua I 
radioact ive material occurs i n  an inaccessible location a t  which 
spec i f i c  property factors  I im i t  i t s  hazard and from which i t  i s  
d i f f i c u l t  or  cos t l y  t o  remove. Examples include residual radioact ive 
material under hard-surfaced publ ic roads and sidewalks, around 
pub1 i c  sewer I ines, or  i n  fence-post foundations. A speci f ic  
property analysis shal l  be provided t o  establ ish tha t  the residual 
radioact ive material would not cause an individual t o  receive a 
rad iat ion dose i n  excess o f  the basic dose I imi ts  stated i n  paragraph 
IV.3, and a statement specifying the level o f  residual radioact ive 

material shal l  be provided t o  the appropriate State and/or local 
agencies f o r  appropriate action, e .g . ,  f o r  inclusion i n  local land 
records, 

(3) Where i t  i s  determined t h a t  t h e  scenarios or assumptions used t o  

( 4 )  Where the cost o f  remedial act ion f o r  contaminated soi I i s  

(5) Where there i s  no f e a s i b l e  remedial ac t i on .  

Basic Dose I imi ts .  a. Dosimetry model and dose I imi ts  are defined i n  
Chapter I I o f  t h i s  Order. 

b .  Gener i c Gu i de I i nes f o r  Res i dua I Rad i oact i ve Mater i a I . Residua I 
concentrations o f  radium and ttiorium i n  soi I are defined in  40 CFR Par t  
192. Airborne radon decay products are also defined i n  40 CFR Part  192, 
as a r e  guide1 ines f o r  external gamma radiat ion.  The surface contam- 
inat ion d e f i n i t i o n  i s  adapted from NRC (1982). 

. .  
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C .  Control o f  R m o a c t i v e  Wastes and Residues, In te r im storage i s  guided 
Long-term management i s  guided by t h i s  by t h i s  Order and DOE 5820.2A. 

Order, 40 CFR Par t  192, and DOE 5820.2A. 

. .  


